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1, Sex Dimgrphism in Physiolozy.

A waalth of data, clinical and experimental, points dscisively
to the conditioning action of sex harmonss in a munber of stressful
situations, 'Althmgh no gensralization is possidble in faver of ons
sex in many infecticus, degensrative or mstabolic comlitions, sezual
dimomphisn proves a true variable in the survival of organisms undsy
acute ar chronic stress,

‘ Females subjected to burns after fasting, survive better and
longer ¢han males (1), presumably because of protection resulting
from a differential processing of the sex hamones by the liver (2).
Differences in martality appear due to the gex factor in a muber
of situations where toxicity reaches a lethal 1ev§1 (excess epinse
phrine, potassium, ethionins, picrotexin)(3,4) @ when oaxygen becams
deficient (5); sex seems non-significant in burns applied to ths
fed anssthetiszed animal (6) and in anaphylactic shock in guinea pigs
(7)o

Radiation injury and lethality are modified by sex and sex
harmanes; testosterons propicnate administered after X-irradiatiam,
imréases lethality of an I‘DSO dose, while stilbestrcl and estradial,
adninistered prier to irradiation, improve resistance in mice of both

sexes (8, 9), Irradietion of the extericrized gonads results in
sterilizaticn and cessaticn of endocrine activity at larer doses in

ths femals than in the male; in the male, & notably higher resistance

of the interstitium offers the possibility of "radicleogical dissectiom"
of the testis into oxocrins and endocrins componsmts (10). Ovarisctomy



increases the resistance to gamma radistion to the level of - the
male (11), |

A dimerphic response to unspscific stress is seen in the serunm
cholestercl of monkeys (12), but the assumed protestion by es’crcgens
admits species differences (13). The well knom sexual difference
gives the heavier adrenal to the female rat and to the mle hamsier,
Gonadectomy equalizes ths situation by increasing the weight of the
adrenal; androgens, bul nob estrogens, reverse the effect of gona-
dectomy. In the adrenalectomized bamster, the female, but not the
castrate, survives longer and only progestercone (qualified by age)
improves survival in both sexes; in the rat, pregesterone and gonae
dotropins prove beneficial (14, 15).

The adrenal response to stress (wdefined) represented by the
level of plasma corticosterone, varies with age and sex, and is
modified by gonadectamy in both sexes (16); the sex dimarphism
‘carries even into the behaviour of cultured adrenals (17), Lathyrism
caused experirentally by polsoning with amino-aceto-nitrile, is in
part counterbalanced by casein, but ths mrotection is lawer in the
female and in the male castrats (18),

The convulsive threshald to electroschock, leawer in females,
is depressed in males by estradiol (19), Liver damage caused by a
single injection of CClh proves mare severe in the female; pre=
treatment of the femsle with testosterons propiomate attenuates the
damage, reduces susceptibility ard stimlates regereration (20),

A stress response with an undertans of sexual dirmarphism to long-term
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isclatien was éecently reported (21), A sexual differsnce appears
in the survival of mature animsls exposed to cold (2¢C); the intact
fomales and the mals castrates swrvive longer, bub ovariscteny
causss no improvement, Exogenous hoamomss, estradiol or tsstess
terons, prove detrimental (22).

Even in the absence of an alarm situstien; several bedy
fumstions display sexuel variations,

Ths functioml dinmarphism of the adrenal parellels the morpho=

logical dimorphise under normal conditions (23, 24). In the rat
and mouse, the female adrenal produces more steroide (absolutely
and per unit mass of tissue), but testosterons depresses this
activity to the mle lewel (25, 26). The absolute amcurt of tobal
lipids, of cholesterol and of phosphaolipids is greater in the female
adrenal; eoven at a lower body weight, the female adrenzl is notably
heavier (27). The cbserved sexual difference (plasma corticosterans)
is ascribed not to a difference in the rate of clearance or in the
retabolism of the corticosteroids, but to a greater sensitivity of
the female adrenal to ACTH stimmlation and possibly to a greater
responsivenass of the female pitultary to the stimmlation of stress
(28).

Soma authors invoks a sexual difference in the behaviour of
tha pituitary-.adrenal systen for the interpretation of various ex-
perimental situations created by exogenous or endogenous sex hoarmonss
(29, 30, 31); even tho growth process in the rat is differemtislly
affected by exogenous testosterone and by gonadectomy (32, 33),
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Unexplainsd sex differences have been dotected in ths fumction of
the CoN.S. (34); among other dbssrvations, certain sbnermalitiss
in the reproeduction pattern in sems spacies are asseciated with
electrical lesions in the pyriform certex and amygdaloid complex
(35). | |
Reasonable proof is offered of the existence of a "male Compo=
nent® in the liver proteins which would be the reasen of a ons=way
volncompatibility of skin homotransplamts (based on the Y chro-
mosone) from male to female (36); these immnolozical studies exe
tended to amphibia have confirmed the cytegenstic basis in incam
patibility gemss (37). Two-dimensional electrophoresis gives a
typical sex-associated pattern for alpha-l and alpha~2 globulinsg
which permits recognition of male and female serums (38), Mito-
chondria from intact female rats and mice axydize added cholesteradl
to a greater extent than mitochondria from intact males (no diffe=
rence in the oxydation of sodium propionate); castration of the
mle enhanced, and androgen to the female slightly depressed the
process, but ovariectomy was without effect. Orxydation of chalese

verol by preparations of normal mle and female rat liver mit o- .
chondria was inhibited by sex harmones in vitro (39). Lipid mohilisation
to the liver of the fasting animal occurs to a greater extent in
the female than in the male (40),

In the rat, the mstabolism of histzmine is modified bty ths
sex status: the female excretes muoch larger anmnts of free histamine
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than the male, Castratiem increaces the free histamine cutpud

in the male, but testosterons reverses this effect; ovariectomy

is without action. Tho male castrate and the fomale excrete grester
amcunts of exogencus histamine in free form (U1)., The difference
is seen in the presemce of & mina metabolic pathway (absent in

ths female) rather than in the biocsynthesis (42).

Sex differences are ceen in the sensitivity to estradiol (L3),
in the catabolism of tagged androgens (Lk) and in the pattern of
radio=-Iocdine excretion in the urine of stilbestrol-treated guimsa
pigs (45). The current interest in the metabolism of cholesterdl
has led investigators into the study of the irxluence of sex and
of age on the onset and development of atherosclerosis (L6, U7,
18); The sexual difference in serum iron values in man has been
long recognized; the few mammalian species examined have n:uo

shom uniformity in the effect of sex; gonadectomy and sex hamonss

(L9, 50, 51), Significant differences detected in the ECG of "cli=
nically healthy" humans {(age k0-59) are attrituted to sex; in
cansequence, caution is invited in the application to females of
the present normal standards mainly derived from mles (52),

The conditioning action of sex hamones (endagencus or exoge=
nous) on the adaptive responses and on the normal body function
ssems to be an accepted fact of experimsntal and clinical physiclogy.
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2o The case of the male organism,

The problem of age in the male and its genssic consequenses,
perennially baffles cliniclans and investigators, as well as the
eventual victims themselves,

Differences in glycogenssis and glycolysis in response to
modsrate cold in rats of various ages,lead to the assumption
that the pattern of adaptation to stress may vary with age (53);
age also modifies the response of the testis-accessory systenm; to
exogenous testosterons (Sh). A recent report dsseribes a form of
lactic dehydrogenase present in the adult humzan testis, but absent
in the prepubertal organ (55, 56). One should note that these cbe
servations emphesize a difference between adults and prepubertal
subjects, but do not reveal changes within the peried of sexual
maturity,

Histochemical studies in the rooster show a progressive
depression of several functicnal indices as age advances (57).
Behavicral studies in rats point to the existence of an optimum
region in the curve of sexval perfarmance in terms of age (58).
The male climacteric in the human remains a mystery: no abrupt

changes are cbserved, aithough testicular androgens my be de-
clining; replacement therapy has never produced the dramatic
rejuvenation claimed or expected (59).

Various forms of radient ensrgy are }mmm %o affect adversely

the testis, Abdominal temperatures, higher then serotal temperatures;
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are held responsgible fer the drastic germinal degensration of ths
cryptarchid testis in all animal groups whare the testis is nore
mally or seascnally scrotal, In vibtro studies of rabbit testis
exposed to abdomi@ temperature for shart perioeds (2, 6 haws),
shov an initial increase in metabolie activity followed by a
significant decrease relativé to the control; an exposition of
24 hours is not deletericus to the enzyme systems, bub the decrease
in glucose uptake corresponds with & decrease of available glucose
resulting from the depressed blood flow and increased metabalic
nceds, The suggestion is rade that spermatogenic arrest is caused
by substrate deficiency (60, &, 62),

Microwave irradiation (lecal or general) causes depression
of the androgen cutput; the dorsclateral prostate fails to cone
centrate Zincés, but respords to chorionic gonadotrepins and/or
testosterons, indicating a decrease in LH cutput, The extent amd
duration of the damage are directly propartional to the dose and
length of exposure, which may lead to third-degree burns and irre-
versible destruction of the imterstitium (63, 6L, 65, 66),

Considerable attention has been given to the effect of X-Rays
on the male genital apparatus and function. X-Ray lethality is
aggravated by sexual activity in mice, not only becsuse of greater
physical exertion but because of increased radi o-sensitivity cue
to the presence of testosterons (67), Pretreatment with lor doses

reduces considerably the sensitivity to a single high dose (68),

3
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The pattern of spermtogenic recovery in the bear (sperm
munber in pericdical collections) is limcarly (negative slope)
related ¢o the legarithm of the dose (69). Fractn‘;cmted dosss
did not produce a differemt offect from that of a single equal
dose (70). The nature of the damage to the germinal sequence in
the human may be represented as a hastening of senescent changes:
narroving of the tubules, thickening of the tunica, progressive
tubular fibrosis, increase in alkaline phosphatase, in glycogen
ard in phosphaiipids, but no change in acid phosphatase {71),.

The suggestion is made that total irradiation causes disruption

in the pituitary-testes-prestate chain, whereby androgenic de-
pression leads to depletion of gonia and to pituitary charges
camparable to the castration respanse (72, 73), Qher investiga-
tars induce complete destruction of the seminiferaus epithalium
(without regersration), but fail to ebserve a dimimution of andro-
genic activity and castration changes in the pituitarys the copue
latory performance responds to gonadetropins, although only pseudo-
pregnancies are caused (7L4). AET (S, 2-amino-ethyl-iso-thiuranium.
Br.HBr) prevents death but does not curtail testicular injury (75) 3
in prematally irradiated rats (in utero), MEG counteracts the gere
minal effects of irradiation (76).

Specific studies of the effects of X-irradiation on the andro=
gende function of the testis indicate that the interstitium is mare

kedly impaired, depending on the dose and an the age of the animalj
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resistance increase with age and although the responsivensss of
the Leydig cells to LH is diminished, the accessary respanse to
exogenocus androgens remains unaffected (77). Total body irradia=
tion proves almost as damaging to the testis as topical applica=
tion (78)s hence, precautions in the form of shielding are re=
comeended in investigative radiography (79).

The female reveals a paradaxical effect: prostate implants
in irradiated females indicate higher levels of circulating ane
drogens; dlthough the follicular system is destroyed rapidly,
uterine and vaginal characteristics display cantinusd estrogen
production., Signs of adrenal androgenicity being absent, the
androgenic ability of the ovary seems enhanced, pointing to a
shift in harmone balance, rather than to a simple decrease in
estrogen production; thus the secretary pattern of irradiated
ovary seems to differ quantitatively and qualitatively from that
of the normal ovary (80).

Some chemical substances selectively affect testicular consti-
tuents, 7,12-dimethyl~benz(alpha)anthracere administered imtra-
venously causes severe and selective damage to spi.. mtogonia and
resting spsrmatocytes (active in DNA synthesis); no other germinal
elements are involved, the ovary is unaffected and other known care
cinogens do not induce comparable effects (81), Cadmium (subcuta-
neous) damages the vascular supply of the testis resulting in no-
crosis of the tubules and of the imberstitium; inupetion on the

scrotur causes eventual infertility (82). After a few weeks, ths
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interstitium regensrates, but one year later, 70 to 80% of the
subjects possess interstitial cell tumors. Ths cadmiume-treated
animals display & higher titer of ICSH, smaller accessoriss and
lack respense to extogenous ICSH; the cadmium damage is proventsd
by simltanscus edministration of zine (83).

Spase stresses have ovoled in monkeys endocrins responses,
but so far no testicular manifestations have been reportsd (84). =

The clinicians have long recognized gonadal pathologies,
soms of them primary, such as agenesis, dysgenssis, destruction
by trauma or tumor, all of which creats a condition of primary
hypogonadism; secondary hypogonadism follows to hypopituitarism
by an endocrine link, Several pathological states present a picture
of gonadal reduction or varisble wasting secondary to mstabolic,
endocrine (extra-hypophyseal) or psychic disturbances; conversely,
the level of endocrine sexuality affscts decisively ths economy of
the whole organism and/or of spscific regions or functions. The
causal relationship is almost always unlnown and the managemsnt is
applied to the primary condition in the hops that the secondary
situations will clear by themselves., Soms of thesa clinical situa-
tions have bsen simlaisd in the laboratory animal, -

Studies on unilataral cryptorchidized end on unilateral cas-
trated rats, suggest that the functional integrity of ths advanced
germinal elemsnts acts to regulate the pituitary sscretion of FSH;
the cholesterol concentration of the testis in tho unilateral cryp-

torchid declinss at first (2 days), then rapidly increases to a
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maxdmim (16 days for the cryptorchid testis, 5 days for the

scrotal om), but eventually returns to nermal (30 and 9 days
roopectively); the total amcunt in both tosteos chevs a dosling

at 2 days, 2 marked increase at 5 days and returns to normal at

16 days., Thereafter, the scrotal testis maimbains narmal levels s
while the ebdominal cne gradually declimes, No difference is found
in the scrotal testis of ths unilateral cryptorchid and in the ree
maining testis of the semi-castrate (85, 86), The process of tese
ticular feminization has been shown to involve severely the interstie
tium (87).

The action on the testis of the peripteral mervous system is
considered relatively unimpartant (88), but the testis has been
shown to be extremely sensitive to anr derangerert in the blood
supply,; lecal or hypothalamic (89). Extensive studies have revealed
an influence of avitamincses on the devel oprent and integrity of the
testis (90, 91).

The diabetic patient displays sexual disturbances unrelieved
by insulin management: pregnancies are rare in the female, and
impotency frequent in the male, especially if diabetes has been
established for 9.3 years or longer. Studies of urimry excretion
sho# a reduction in the testosterone re tabolites and an increase of
adrenal conjugates, This reduction in the elimimation of androsterone
and etiocholancnz ie s2id to be due net %o an anagmaly of the testose
terone retabolism, but to hypegenadotropic hypogenadism, The under-
faty mle responde to chorionic gonadotropin and testosterons, but
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above 40, testosterone alone proves effective (92, 93, 9k).

Laboratorians and clinicians are also well aware of the reverse
situation, where the sex harmonss act on the CBH metabolism, Large
doses of estrogens induce diabetes, probably by way of adrenal sti-
mulation fall aring increased ACTH production caused by a high level
of circulating estrogens; moderate doses attemate the severity of <3
diabetes resulting from pancreatectomy and estrogen therapy in the
manbpausal female cuts by half the insulin requirements, presumbly,
by inhibition of the diabetogenic factars of the'pimitary; Ardro-
gens are sald to imtensify the disbetic state, although results are
variable and the irii‘luence is also probably indirect (95).

In broad terms, everyone admits that an alteration of thyroid
function brings about a modification of gomadal function, The female
laboratory animal rendered hypothyroid, displays disturbances in the
estrous cycles: prolonged, arrested or anovulatory; the fertility
is reduced, because of lower fertilizatiocn rate, increased fetal re=
sarption and decreased litter size. The ovary becomes more sensitive
to FSH and LH of various origins, pituitary, charionic, urimry (PMS
ar menopausal): large fallicles are produced, but no luteinization
occurs, The cretinic female possesses no vesicular fdllicles, no
lipids, no cholesterol and increased susceptibility to cyst farmation.
Hyperthyroidism, irrespective of origin, is less effective: irregular
or arrested cycles, decrecase in ovarian respensivensss to gonadotropins
(although speciss differernces preclude extrapalation) and in the young

subject, occasional arrest of follicle maturation,
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The male seems less dependent than the female on thyroid
function, Hypothyroidism delays sexual development in the young and

A

the cretinic rat displays low testis weight and infantile accessories
(evidently because of lack of amdrogenms), Hyperthyroidism "impairs"
reproduction, although in some species, spermto_genesis is stimlated
by moderate doses of thyroid hermone (lor encugh to leave the thyroid
umaffected)s The situation in the humar is robulemsy relationships
are noted, but results are contradictary, in the mle and in the female
as well,

Data on the influence of gonads on thyroid are scarce: in the
female, thyroid function is stimilated by progesterones but inhibi-
ted by estrogens, vhere a prolonged treatment causes initial stime
lation promptly £alleoved by invcelution, The physiological enlarge-
ment of the thyroid at puberty, menstruation and pregnancy, remains
unexplained, The subnearmal BMR of the ewrmch returns to namal with
androgen therapy. ‘

The picture of the ganad-thyroid interrelations is one of con=-

Jecture, where no cause is preferred and all situations are possible:
1) alteration of the response to gomadctropins: sensitizatien,
augrentation o inhibition; 2) alteration in the secretion and/
release of pituitary tropins, where the thyroid hormone could exercise
some control over STH, ACTH ard gomadatropins; 3) nonespecific
changes in genadal function by way of a general effect on retabolism,
especially protein metabolismg L) alteration in the ability of the
target organs (in ths sex apparatus) to respond normally in the absence
ar excess of thyrold harmone (88, 96-99),
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Interest in environmental physiclogy has focused the.attene
tion of investigators on varicus aspects of the responses to cold
stress and the establishment of a state of adaptation.

Exposition to cold elicite a rapid increase in heat production
adequate far immediate mairtenance of body temperature 3 Dprolonged
exposure leads to adaptation or Yo breakdown of the thermogenesis,
depending cn the level of the temperature applied (100), The process
of acclimtion in the homeotherm represents an end-response expressing
at the cellular level a delicate balance of physico-chemical factors
in a highly integrated molecular pattern (101),

Early dbservations cn acute exposwre to 0°C have demonstrated
the action of the adrenal cortex in resistance to stress (102),
where a mine stimilus induces immediate mobilization of endogencus
ACTH (103) and prolongation of stress eventually exhausts the funce
tional reserve of the cartex (10h4). Regional responses to cald
reveal no significant alteration in the morphalosy of organs, such
as heart, kidney (105), but in pituitary, adrenals and thymus, a
cyclic or oscillatory weight variation (with time) seems to relate
with secretary phases of production, starage and release (106),

The certical response (under pituitary comtrdl) is blocked by
lesicns in the pesterior hypothalamus (107); functional evalvation
(ascarbic acid depletion) suggests a relaticnship between the level
of cartical recponse and ths severity of stress, although corticos-

teroid production eventually returns to narmal levels (108)s The
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possibility remains that stress might increase the responsiveness
of peripheral tissues to carticosteroids, resulting in increased

overall effectivencss even if the output is unchanged (109). Return
to cantrol coOnditions brings back steroid excretion to nomal levels,

although the adrenals (guinea pig) remain hypertrophic (110), Adremal
androgens known effective in immature female mics (111) add a disture

bing component in the picture of the male respense to colds

Clinical and experimentzal studies of the physiologic effects
of induced hypothermia (112-117) confirm the cppartune distinction
of this non-stressful codition (118) against the stress of envirane
mental cold,

The emdocrine action of cold appears to exterd to the reproduce
tive function: in the female rat, a marked inzrease in length of
the estrous cycle fallavs prolonged exposure (90 days) to 29C: the
preestrous and estrous stages are increased, the rmetestrous and
diestrous stages decreased; these changes are prevented by 50 micro-
grams of thyraxine daily (119).

Hibernmators experience a reduction in cold tolerance during
the spring rutting season, when their testes descend (118). Mature
mles resist less effectively than female (102) to a prolonged

exposure to moderate cald (2.59C), although their reproductive abi~

laberatory mice as well as the house mouse (Mus msculus) can live

and breed in the cold (09C), provided nesting and/or huddlirg is

allosed; the fertility is almost naomal,except for a slight increase
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in gensration time and sitling mortality (121), The physiclogical
adaptation of successive generations bred and reared in the cold
may well include a gemetic variation (122), although apprecisble
strain differences are cbserved (123), Degensrative changes fail
+o0 appear after 9=10 days of subnamal body temperatwre and scme .
survivers reproduce nermlly (12h),

Of the effect of maleress on the metabolic adjustments evded
by cold, we have a sketchy and unclear picture. At room temperature,
the axygen uptake of liver, kidney and brain slices from castrates
is elevated, but returnzd to control levels by in vivo testosterons;
the elevation of tissue respiration in castrates expesed to cdld
remains unaltered by in vivo testosterons (125), In vitro testos-
terone causes no significant modification in tissue respiration
of animals at room tenperature or expcsed to cold, intact or cas-
trates (126). Heat and cadid act similarly on tissue respiratiom,
in the direction of a typical stress agency (127). In swwary,
ccld (99C) increases oxygen consumption (by LOF) and food imtake
(65%); weight gains are slower and aging sets in on the basis of

the metabalic rate, not of the growth rate (128).

3. OStaterent of inbent.

In view of the canditioning action of sex and sex hormones
on the stress responses, we wished to explare the reactions of
the endocrine testis. To assure suitable mapnification of the
responses, cald was set at ~59C, a distinctly stressful level,

acutely applicable, probably prohibiting adaptation in its usual

A
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definition (129), yet allowving reasonable survival and pertinent
cdbservations on a restricted tims scale; easy to apply and contral,
cold can also be corbined with various physiologicel states, The -
preserit approach was selected in contradistinction to chronic ex-
position to moderate cold (20C), where adaptation may be ceansie
dered the common rule,

In this initial probing, where economy was desirable and
in accordance with the history of Endocrinology, traditional
and unsophisticated criteria were used: modification in the
grosth pattern, survival rates, changes in testicular function
evidenced by weight changes and alterations in the histology of
the testis and of the sexual accessories; associated phenomena,
such as adrenal androgens and crypbtarchism, were examined in
their relationship and contribution to the response of the male
subject, ‘

The present investigation cbeys to the avaved bias that
whatever observatiomsare made and conclusions obtained, the si=
tuation created by ccld, although not a specific agency, simu-
lates other degenerative states where the testis, exocrine or
endocrine, suffers morphalogical and/ar functional disturbances.,
Extrapalations could then be attempted into other areas of sexual
damage, where the mature and magnitude of the stress are impossible
to define and evaluvate: infectimus, metabalic and endocrine diseases,
aging and senescence; insight could also be gained into the complex
relationship between gonads and other endocrines, and a mare sophise
ticated analysis of testicular vicissitudes would then justify the

oxpenditure of tracer and biochemical analysise.
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Several investligators have associated the genital apparatus of
the male with the control of body temperature., Involution of the
gonads is pronounced befere and during hibernation: an inverse corw
relation was found between hibernation and gonadal activity, as well
as a "resistance" to hibernation when the gonads are active; howsver,
hibernation continued after administration of anterior pituitary hormenes,
and even testosterone did not influence the continuance of hibernatisn,
Although the gonads are the site of seasonal changes, they do not ssem
to exert a major infiuence on hibernation (1),

Application of heat to the testes for approximately 15 ninutes,
resulting in a local temperature of 41-450C, caused damage to the ger=
minal epithelium, observable after L4 hours; repair was accomplished
in a period of 60 days (2)., Daily application to the testes (monkeys
and rats) of a similar treatment for a period of 8 weeks resulted in
temporary aspermia: regeneration occurred in approximately 6 weeks {3).
A similar effect was obtained in the guinea pigs and a time development
was established for the depression and repair (L), Chronic exposition
to out-of-door cold did not affect the sex drive of male guinea pigs (5).

Prepubertal testes resscted, frozen in glycerol-saline or in saline
alone at =799C to =1909C, and then grafted in castrated adult males, retained
their ability to grow and differenciate as subcutaneous or scrotal implants:
variable degrees of spermatogenesis were observed as well as full maintce
nance of the seminal vesicles of the casirated rat (6).

Topical applications of cold (~L49C) for cne hour leading to £reesing

of the testls, caused interruption of circulation in the testicular artery
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and subsequent ischemia, resulting in severe spermatogenic damage
from which regeneration may cccur (7). Continuous exposure to 690
in SO-day old rats (B.W.: 200 gms) for their entire life span, ro-
sulted in marked testicular hypoplasia: the testes were smaller than
normal, displayed prefound degeneration of the germinal sequence and %
damage to the interstitial elements (8),

Studles in ocur own laboratories revealed that chronic expositim
(LO weeks) to moderate cold (2°C) induced a meries of degenerative
changes in the morphology and the physiology of the testes: cryptore
chism, decrease in weight of the testes and of the sexmal accesscries,
degeneration of the germinal sequence, higher survival rate in favor
of the castrates and "toxicity" of testosterone administered to cold=
exposed castrates, These alterations seemed to affect the two functional
aspects of the testis: spermatogenesis and production of androgenic
factors, and appeared proportional to the duration of the exposure,
At 50 weeks, while the testes were still small and aspermic, the seminal
vesicles returned to normal weights, revealing a new source of androgenic
activity (9).

In order to analyze the response of the male genital apparatus
to the stress of cold, we thought that the onset of the symptoms might
be accelerated and their severity increaced by a stronger stress; ths
temperature of 590 was selected as a condition which would allow a
sufficlent period of survival for valid observations., Tne complex
response of the organism would have to be detailed into its possible
compenernts: somatic, neural, humoral; general or topicai, endocrine

or exoorine,
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A survey of organ responses covered the genltal apparatus, some
endocrine organs and some organs of purely somatic nature; the effects
of cold were compared with the effects of castration, with and without

testosterone therapy.

MATERIALS AND METHODS

Animal groups, = A random group of 218 male rats (Wistar Albino)

was arranged as shown in Table I and surgery applied accordingly,

Table 1

Distribution of animals

Groups 2C°C (N) =5°C (F)
Abgolute controls (T) TN (23)1 F (Lk)
Untreated castrates (C) CN (63) CF (55)
Treated castrates  (CI)2 CIN (11) CIF (22)

1: Group population,
23 15-mg pellet of testosterone propionate implanted
at operation time,

Surgery and Treatment, - Castration was performed by abdominal

approach under light ether anesthesia, The absolute controls were
not subjected to sham surgery, but wers assigned the usual 5 to 7-dsy
quarantine before entry inte the cold, The implant to the treated

casirates was placed subdermally between the scapulae, A nindiman



39

post-operative period of 10 days was allowed; recovery was rapid and

uneventful.

Living Quarters and Diet. - Prior to cold exposure, the animals, caged

individually, lived in air-conditioned quarters maintained at approxima-
tely 20°C and were fed Purina Lab chow and tap water ad libitum. All
animals entered the cold simultaneously on day Zero (13th post-operative)
and were exposed to a temperature of -50Ct 1°C for differenp periods;
the rooms were ventilated, thermostatically controlled and illuminated
under automatic control from 9:00 a.m. to 5:00 p.m., daily. A limited
but sufficient amount of chow cubes was offered to prevent nesting.
Body weights were obtained frequently {every 2-3 days) and the animals
were carefully examined twice daily to observe the onset and evolution
of cold injury symptoms.

The 3h4-day exposure was applied to a sub-group taken from the

initial controls, thus providing a different age baseline (Figure 1).

Autopsy Data. - Post-mortems were performed on all animals as casualties

occurred and as each exposure period was completed; organs were collected,
examined, weighed wet and specimens taken for microscopic examination or
Cholesterol determination. Microscopic sections were stained with Mallory

trichrome for histological examination without cytological evaluation.

The pellets (Testosterone propionate - 15 mg)were kindly provided by

the Ciba Company, Montreal, through the courtesy of Dr. €.W. lurphy.

e

b
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Cholesterol was extracted (10), plated as digitonide (11) on filter

paper and weighed as total cholesterol. Residual testosterone pellets
were recovered and when judged in good shape, dried and weighed.
Statistics. - All values were screened by means of the Dixon test

for extreme values (12); the Analysis of Variance was performed according
to the "R X 2 Tables" of Yates (13) complemented by the Students' T and/or
the "Multiple Range Test" of Duncan (1k). All tables quote the arithme-
tical mean with the standard error of the mean. Results are stated for
each exposure period without time-axis development. Since no significant
difference appeared between data from the casualties and from the sacri-

ficed, the data were pooled and made to represent the "class" resulis.

RESULTS

1. Body Weights (Table II)

The pre-exposure body weights show some difference resulting 1)

from the difficulty in synchronizing large animal groups, 2) from the
growth retardation caused by the surgical trauma, and 3) to some extent,
by the new physiclogical status. Although significant;, this initial
difference is partially resorbed in the course of the experiment, as

the rate of growth of all castirates appears normal; however, the initial
setback is never compensated.

The terminal body welghts manifest the effect offage and normal
growth among the groups maintained abt room temperature; the effect of
cold (expressed as % difference from the respective conirol) appears
rather consistently as an arrest of growth and a definite loss of body
weight, probably proportional to the duration of exposure. The untreated

castrate shows less regression due to cold than the treated castrate.
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The growth curves (Figure 1) iliustrate the effect of cold per ss

exclusive of any influence from the physiological situation,

Table II

Bedy weights (grams)

Groups Initial

Terminal

18 days

2Ly days

3k days

Absolute controls
(209C)  267.L 2 4,1t (23)2
(-59C)  266,6 = 3.L {Lk)

Untreated castrates

33L.5 = 6,8 (10)
216,2 5,7 (20)

-35%(30)3

35,8 = 10,7 (9)
223,0 5,6 (18)
-36% (21)

409,2 % 8,1 (L
230,3 £ 7,3 (6
~lig(10

(2090) 26,1 £ 2,3 (63)  299.L # 6,6 (11) 3216 £ 8.3 (18) 385.3 £ 3.9(3L
(=5°c) 2L0,0 £ 3,0 (59) 203,0 = L,7 (20) 2U3.,5 * 5.8 (19) 263.7 ho?(lé,@
-32%(31) 278 (37) ~32%(50. ¢
) = s oo “
Treated castrates
(209C) 229,2 = 6,9 (11) 300.6 2 9,5 (11) o cawan
(=50C) 232,12 3.2 (22)  193.8 = LB (21) S— S
~37%(32)
1: Standard error of the mean, ot P < 0,001
2; Group population,
3, Aggregate population,
Anelysis of variance = summary ‘
Effect of Effect of Interaction |
treatment cold ;
I, Initial body weights: Y = 6,3 p< 0,000 N.Se NoSe
II, Terminal body weights;
1) 18-day period: .S, t = 17,9 p < 0,001 N.S.
2) 2i-dzy period: N.S. t « 11,7 p < 0,001 3 4

3) 3h~day period:

te 2,48 p<0,02 t =20l p < 0,001

HeSo
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2, Perirenal fat, (Table III) The observations on body weight changes

are further illustrated by data on the perirenal fat; althouth the dissecw
tion is hazardous, the fatty mass extending from the sub-phrenic ares dowm
along the dorsal wall of the abdominal cavity, investing kidneys, adrenals and
spleen and reaching into the pelvie cavity, was assumed ‘o represent the go-
called "perirenal fat’, In the room-temperature animals, this fatty mass
ropresents approximately 1€ of the total body weight; the cold-exposed
animals fall close to a single value of 0,3% {15),

Table III

Perirenal fat (grams)
18=day exposure

Groups 20°C (N) =59C (F) Difference

Absolute controls  (T) 3.2L + 0,20 (9)2 0,68 £ 0,07 (12) -1%, (21)°

' Untreated castrates (C) 30l 2 0,30 (11) 0,61 % 0,20 (L) -§___J§.; (15)

- Treated castrates (CI) Le82 % 0,60 (11) 0,57 = 0,12 (13) =B88% (2L)

l; Standard error of the mean, .f P < 0,001
2s

Group population,
3: Aggregats population,

knelysis of variancs

Source of variance dof, S.S, M, 8. Fobs,

Effeet of treatment 2 8.7 Lols 1.0k HeSs
Effect of cold 1 123,08 waen 29,56 T
Inteoraction 2 10,k 502 1.2l .S,
Error N 227.2 Lel9

Effect of cold: ¢t = 10,86 p < 0,001
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3. Signs and Symptoms of Cold Injury,

A recital of these manifestations may be repetitious, but will
gerve as illustration of cold-induced injury, The symptoms usually
develop in the following order: 1) swelling of the paws, especially
the hind paws, 2) roddening of the penis with priapism presumably of
mechanical origin due to cosgulation of the prostatic secretion, occom
sionally resulting in urethral stricture, 3) necrosis of the tail
with or without self=inflicted amputation,

In the untreated controls (TF), the onset of the symptoms is
rapid and involves a relatively large nmumber of animals; recovery
is infrequent, and the animals become stationary in their mangy
appearance, The testosterons-treated castrates (CIF) show a fulmi-
nating onset of symptems involving practically the whole population;
the symptoms evelve very rapidly, without any instance of recovery;
the high incidence of mortality follows the level of morbidity, In
these two groups, a severe bladder obstruction with a secondary
nephrosis and a well marked xerophthalmia have been encountered occa=
sionally; in one cass, 1ithiésis of the kidney was characteristic,
Among the untreated castrates (CF), the level of morbidity is low:
the onset of the symptoms is delayed and a smaller number of subjects
is involved; recovery occurs after sympitoms of gsubacute intensity. The
aninals raintain longer, a better general appearances paws, nose, tail
and fur,

Sane animals of the (CIF) group were by mistake extensively shaven
prior to pellet implantation, but the added exposure resulting fron the

denuded arca of the back did not affect sumdival nor alter any of ths
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other responses,

ko Survival Rates. {Table IV)

All the animals at room temperature survived through ths experinment,
Among the cold=exposed, the treated castrates offered the least resistance
in that they showed a higher level of morbidity and greater mortality at
an earlier date; a 50% survival was maintained for only 16 days, when
the group had to be discontimued, The unoperated controls were mext
to succumb, but their overall survival was not far different from that

of the untreated castrates; this latter group showed last the inception

of breakdown as well as an overall lower level of morbidity,

Table IV

Survival rates
(% of initial population)

Days

Groups
o 8 16 20 2, 36

Absclute controls 100 99 93 85 75 6l
(TF)

Untreated castrates 100 96 88 8 76 68
(CF)

Treated castrates 100 8 50 IS e o=
(CIF)
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5s Organ Vleights and Other Data,

{1) Testes (Table V),
A slight non-significant increase due to szge appears among the

controls at reom temperaturse, In the cold-exposed animals, all testes

are found in abdominal position and present the usual characteristies:
pale, soft, reduced in size and apparently ischemic, The weight loes
is always significant, proportional to the duration of the exposure,
but unrelated to chronological age,

Table ¥

Testes
(weight in grams)

Duration of exposure to cold {=59C)
Groups

18 days 2l days 3L days

" Absolute controls (20°C) 3,13 % 0,06t (10)2 3,25 £ 0,11 (9) 3ol43 = 0,04 (3)

Cold-exposed (59C)  2:52 £ 0,12 (20) 2,67 % 0,11 (18) 2,02 £ 0,30 (&)
~20% (30)3 ~15% (27) =312 (9)
1; Standard error of the mean, —-2 p< 0,01

2: Group population,

: < 0,001
3: Aggregate population, s P

inalysis of variance

Source of variznes d,fa 5.5, .5, Fobs,

Effect of age 2 0.L172  0,2085 0,88 H.S.
Effect of cold 1 8. 3L 8434 35,34 3 4
Interaction 2 1,148 0.57hL 2.3 N.S.
Error 60 14,154 0,236

Effect of cold t = 6,70 p < 0,001

4
£
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The same time relationship applied to the Total Cholesterol

apparent
contents of the testis (Table VI), where an ggevation (relative to
the control) is observed as the duration of the exposurs increases;
the room-temperature controls, on the contrary, show a decrease (non-

significant) of total cholesterol as age advances,

Table VI

Total testis cholesterol
(mg % grams of wet tissue)

Duration of exposure to cold (=5°C)
18 days 2, days 3l days

Groups

Absolute controls (2000) 10,9 * 2,01 (10)2  128,2 £ 11,8 (9)  101,3 12,2 (3)

' Cold-exposed (-5°C) 159.3 10,8 (20)  178.9 * 13,9 (18) 15L.7 & 6.3 (5)
+11% (30)3 +28% (27) +31% (8)

1: Standard error of the mean, 1 p<00L
2; Group population,
3: Aggregate population,

Analysis of variance

Source of variance d.f, S.S. MeSo Fobs,

Effect of age 2 L233.8 2161,9 1,09 N.S.
Effect of cold 1 16789, 16789.L 8,43 % 2
Interaction 2 3750,6 1875.3 Q. 9L H.S.
Exrror 59 117416.8 1990, 7

Effect of cold t = 3,16 p < 0,0L
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At post-mortem, a number of pellets were recovered from the
implantation site {Tabls VI1); the difference between the original
weight of 15 mg and the dry weight of the residual pellet was assumed
to represent the amount of testosterone '"utilized" in the replacement
therapy. If the daily rate of utilization is calcu;ated, a slight
difference (12%) distinguishes the cold-exposed from the normale
temperature subjects; if however, the "daily consumption” is estimated
in relation to the body weight (terminal), the consumption in the cold

bacomes twice that observed at room temperature,

Table VII

Testosterone replacement
(amount utilized from original 15-mg implant)

209C (CIN) =59 (CIP)

Average post-implantation

period (days) 33 28
Reccvered pellet residus

(weighed dry - mg) 6.0 £ 0,11 ($)2 6ok 2 Ouli (9)
Total utilized (mg) 9,0 8.6
Estimated daily utilization

(milligrams) 0,27 0,31

1, Stendard error of the mean.
2; puzber of pellets rocovered in rolisble state,




(2) Sexual accessories {(Tables VIII and IX).

Inspection of the organ weights suggests the £ollowing remats,
a) The effectivencss of testosterone replacement is unaffected by
exposure to cold; b) The changes due to cold among the treated
castrates are assumed to represent the resultant of the depressimm
due to cold vying with the increass due to testosterone treatments
¢) The weight decrease due to cold per se in the absolute controls
is highly significant, consistent and in direct relationship with
the duration of exposure, irrespective of the chronological age;
d) After-a certain period of exposure, the accessories of the cold-
exposed castrates (especially prostate) begin to show a slight in-
crease in weight; e) The analysis of variance is sametimes hampered
(e.g. 2L~day period) by the buffer effect of divergent results and

by the broad dispersion of the values undsr study,

48
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SR A ST

Table VIII

Prostate

{weight in milligrams)

Duration of exposure to cold {«~59)
Groups

18 days 2l days 3k days

Absolute controls (20°C) 510,0 = 40,01 (1.0)2 L75.6 % 21,5 (9) 525,0 £ 3,5 (2)
g (<59) 210,0 £ 20,0 (20)_ 190,8 * 25,3 (18) 1319 % 28.5 (6)
~5%  (30)3 =608 (27) =15% (8)

Untreated castrates (20°C) 80,0 £ 10,0 (11) 19.1 & 1,6 (16) 16,2 £ 1,1 {3k)
! (=59¢) 31,9 2 LO (16) 22,L %t 2,8 (18) 18,0 £ 1,8 (16)

=628 (27) +15%(3L) 4102 (50)
Treated castrates  (209C) 660,0 % 40,0  (11) - J—
; (=59C) 580,0 = 40,0 (19) ———— ————
-12%  (30)
1: Standard error of the mean, : p < 0,001
2 e o

¢ Group population.
3 Aggregate population,

Analysis of variancs - summary

Effect of treatment Effect of cold Interaction
1) 18-day exposure ¢TI T _¢ t = 2,17 p < 0,05 N.S,
2) 2h~day exposure t = 8,38 p < 0,001 NeSe % %

-

3) 3b-day exposure t = 3,33 p < 0,01 t = 16,5 p < 0,001 Py
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Table IX

Seminal vesicles
(weight in milligrams)

Duration of exposure to cold {=5°C)

Groups
18 days 2l days 3l days

Absolute controls (209C) 620,0 £ 30,01 (10)2 5711 % 24,3 (9)  686.7 L2,k (3)
(«59C) 240,0 £ 20,0 (20)  227.0 % 24,9 (18) 2U3.1 = L3.6 (6)
-613  (30)3 608 (27) -658 (9)

Untreated castrates (209C) 80,0 ¢ 6,0 (11)  57.5 & 2,0 (18) kb5 2 1,2 (3L)
(=59C) 60,0 + L0 (19) 612 £ 2,9 (19) 40,7 = 1,5 (16)

-25%  (30) +6% (37) =9% (50)
Treated castrates (209¢) 810,0 £ 30,0 (11) ——— P
(=59C) 840,00 £ L0,0 (16) W —=cww ———me
& (21)
l; Standard error of the mean, __t P<0,01
2; Group population,
3, Agpregate population, =t P < 0.COL

Analysis of variance ~ summary

Lffect of treatment Effect of cold Interaction
1) 18-day exposure CI T_¢C % = 2,1t p < 0,05 NoSe
2) 2L~-day exposure t = 7,63 p < 0,001 NoSe 3 4

3) 3li-day exposurc t e 1,29 p < 0,001 N.S. i 2%
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(3) Stress Indicators (Tables X - XII)

Castration per se causes "feminization" of the adrenals (+2h%)

and return of the thymus to Jjuvenile values (+30%); testosterone
cancels this effect and returns the weight values to adult or even
senile lovels, Cold per se causes an increase in adrenal weight in
the absolute control and in the treated castrate, but cancels the
feminoid values in the untreated castrate; a prolonged exposure

(3L days) elicits in the adrenal of the castrate a normal response.
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Table X

Adrenals }
(weight in milligrams) “

Duration of exposure to cold (=5°C)

Groups 18 days 2y days 3L days
Absolute controls (209C) 39,8 = 2,21 (10)2 5,0 2 2.}, (9) 39:3 £ 0,2 (3)
(=5%C) L7.0 21,2 (20) 52,7 # 2,0 (18) 53.3 £ L5 (6)
+15%  (30)3 +Ug (27) +26% (9)

‘Untreated castrates (20°C) 50,6 4,0 (11) 59,0 = 2,8 (18) 52,3 * 1l (3L)
(«59C) 52,7 * 1.9 (20) 57.8 = 2,6 (19) 68,0 2 3.5 (16)

g (31) -2% (37) +23% (50)
Treated castrates (20°G) 36,7 £ 1.7 (1) ——— “ons
(=59C) L3.9 % 1.k (18) —— ———

+168 (29)

L: Standard error of the mean, - P<0.05
2g Group population, .t pP<0,01
3¢ Aggregate population,

Analysis of variance - summary

Effect of treatment Effect of cold Interaction
1) 18-day exposure NS, v = 2,72 p< 0,01 HeSe
2) 2l-day exposure NS, RS, HoSe
3) 3lh-day exposurc H.S. t e 3,66 p < C,00L WeS.
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Total adrenal cholesterol (Table XI) shows mo statistically

significant change due to castration and/or testosterone replacement,
although the trends observed could be biologically interesting (16);

cold per se causss a significant increase except in the untreated

castrate,
Table XI
Total adrenal cholesterol
(mg 2 gms of wet tissus)
18-day exposure
Groups 20°C (N) =59 (F) Difference

Absolute controls (T) 877 + 73t (7)2 157 + 138 (11)  +h0F (18)3
Untreated castrates (C) 1347 £ 165 (7) 1602 £ 220 (13) +15% (20)

Treated castrates (CI) 1282 % 225 (8) 2121 + 258 (8) +L0Z (16)

l; Stendard error of the mean, _ 1 DP<0,05
2:; Group population,
2t Aggregate population, —t P <001

Analysis of variance - summary

Effect of treatment N.S.
Bffect of cold t = 3,33 p< 0,01
Interaction N.S,

The thymolysis due to cold gives a clear picture of the duration
and intensity of thc stress: the thymus rcsponds rather uniformly among
the various groups to a given period of exposure and the level of the
response appears proporticnal to the magnitude of the stress, irrespsctive

of tho physiolegical statug,
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Table XII

Thymus
(weight in grams)

Duration of exposure to cold («59C)

18 days 2l days 3k days

Groups

Absolute controls (200C)  Ool5 = 0,03t (10)2 0oLl £ 0,03 (9) 0,38 % 0,0L (3)
, («59C) 0,20 % 0,03 (19) 0,12 £ 0.02 (18) 0,05 & T,C35 (5)
-553 (29)° ~12% (27) -8l (8)

Untreated castrates (20°C) 0,60 % 0,05 (11) 0,72 % 0,0 (18) 0,56 = 0,02 (3L)
(=59C) 0,17 % 0,02 (18) 0,28 0,01 (19) 0,17 * 0,07 (16)

~12%  (29) -61% (37) -1% (50)
. Treated castrates (209¢) 0,22 % 0,02 (10) —— e oo
("SOC) 00 08 S O. ol (12 ) © o oo aman mowen
-6LF  (22)
1; standard error of the mean, : p < 0,001

I

Group population,
3: Aggregate population,

Analysis of variance - sumary

Effect of treatment Effect of cold Interaction
G 1) 18-day exposure NoSe t w 6,92 p < 0,001 % %
o 2} cy-day exposure t = 7,71 p < 0,001 t = 10,0 p < 0,001 *

3) 3L-day exposure t = 3,83 p < 0,001 t = .k p < 0,001 NoSe
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(4) Endocrine Organs,

I, Pituitary (Table XIII), Castration caugses a considerable

increase in weight (+263), while testosterone brings back these values

to normal, Cold per se induces a notable weight depression (=31%),

fairly uniform among all groups and consistently significant; this E
affect appears related to the duration of exposure irrespective of age,

Table XIII

Pituitary
(weight in milligrams)

Duration of exposure to cold (~5°C)

Groups
18 days 2l days 3L days

Absolute controls (20°¢) 10,k = 0,7t (10)2 10,1 % 0.6 (7) 11.L = 1,1 (3)
(=59C) 7.5 * 0,2 (20) 8.1 £ 0,5 {17) 6.8 = 0,1 (L)

. 282 (30)3 -203 (2L) -L0% (7)
 Untreated castrates (20°C) 1Lo5 = 0.6 (9) W6 = 0,3 (17)  ——
(=5%) 10,0 * 1,3 (20) 11,7 = 0.3 (17) e
~315  (29) -208 (3k)
Treated castrates (209C) 905 * 0.3 (9) ————— —— e
(=59C) 6.8 £ 0,2 (19) R —
25 (28)
1. Standard error of the mean, __t P< 0,05

2; (Grovp population,

: 0,0
3: Aggregate populationm, . P<Y 1

:+ p< 0,001

e —

inalysis of variance - summary

Effect of treatment Effect of cold teraction
1) 18-day exposure N.Se t = 5,61 p < 0,001 HeSe
2) 2L~day exposurc t = 10,0 p < 0,001 t =5.48 p < 0,001 N.S.

3) 3L-day exposure o t = 4,17 p < 0,01 ——
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II. Thyroid (Table XIV)., The changes in weight were explored

in one exposure period only; castration with or without testosterone

reveals no significant effect, Cold however, induces a rather uniform

and significant weight depression,

Table XIV

Thyroid
(weight in milljgrams)

18-day exposure

Groups 20°C (N) =59C (F) Difference

Absolute controls (T) 21,0 # 0,9t (10)2 17,k ¢ 1,0 (20) =173 (30)3
Untreated castrates (C)  17.6 £ 0.3 (9) 15,9 * 0.8 (19) =108 (28)
Treated castrates (CI) 18,8 0,5 (10) 16,0 £ 0,7 (19) -15% (29)

1l; sStandard error of the mean, __t P<005
2; Group population,

3; Aggregate population, __: P<QOL

Analysis of variance ~ summary

uffect of treatment N.S.
Effect of cold t = 1,09 p < 0,001

Interaction NeSa
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(5) A few non-endocrine organs were selected: the liver as a barc-

meter of the nutritional state of the animal, the spleen as an inci.
cator of traumatic response and the lungs, heart and kidneys as purely
somatic organs,

I, Liver (Table XV). No appreciable difference appears due to age or

to physiological conditiom, Cold however induces a significant weight
decrease parallel to the pattern of losses in body weight and perhaps

reflecting the overall body emaciation,

Table XV

Liver
(Weight in grams)

Duration of exposure

Groups
18 days 2Ly days 3L days

Absolute controls (20°C) 13,7 % 0.7F (10)° 11,7 £ 0,5 (8) 12,k £ 0,06 (2)
(-5°%) 11.6 = 0,2 (18) 9,9 % Ol (18) 10,9 £ 0,6 (6)

158 (26) -16% (26) -12% (8)
Untreated castrates (20°0C) 11,9 = 0,5 (10) 12,1 = 0,6 (18) ———
(=59C) 9,5 O (19)  11.8 = 0.3 (19) ———
~20%  (29) =3%  (37)
: Treated castrates (20°C) 13,3 £ 0,6 (11) ——— —
(59C) 9.6 + 0.6 (19) — S
~30 (30)
1; Standard error of the mean _ .t P<0®
2: Group population .t p<00L
3: Aggregate populaticn .+ p< 0,000
inalysis of variance - sunmary
Effect of treatment Effect of cold Interaction
1) 18-cday exposure N.Se t =« 6,00 p< 0,001 N.S.
2) 2l~day exposure t & 3.33 p< 0,01 t = 2,20 p < 0,05 N.S.

(O3
~—

3li~day exposure ——— t e 2,50 p< 0,05 o
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II, Spleen (Table XVI). A weight depression is observed due to cold

only; this depression appears similar to the response of the spleen

against a sericus assault on the circulatory system,

Table XVI

Spleen
(weight in grans)
18-day exposure

Groups 2009C (N) =59C (F) Difference

Absolute controls (T) 0,58 * 0,02% (9)2 0035 % 0,02 (19) =LOZ (28)3
Untreated castrates (C) 0,66 = 0,04 (11) 0,28 + 0,02 (18) =58% (29)

Treated castrates (CI) 0,55 % 0,03 (11) 0,23 £ 0,02 (18) -58% (29)

l. Standard error of the mean — P < 0,001
2; Group population
3: hggregate population

Analysis of wvariance - summary

Effect of treatment NaSe
Effect of cold t = 19,5 p< 0,001
Interaction N.S,

III, Lungs (Table XVII), The physiological stitus does not seem to cause

any observable effect on the weight of the lungs; cold causes a roderate

and consistent weight loss. The incidence of respiratory involvezents or

infections is not differcnt from that observed ameng the contrel 'animals
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at room temperature, The combination of cold and testosterone brings

about a curious and significant increase in weight, but in the 2bsence :

of mleroscopic information, no discussion is offered,

Table XVIX

Lungs
(weight in grams)

Duration of exposure
Groups

18 days 2L days 3L days

Absolute controls (20°C) 1,36 % 0,051 (9)2 - 1,32 £ 0,04 (9)  L.47 % 0,0 (2)
(-59¢) 1,18 £ 0,03 (19)  1.3L % 0,02 (18) 1,31 £ 0,0k (6)

-133 (28)3 =13 (27) =11% (8)
Untreated castrates (200C) 1,34 % 0,06 (11) 1.6 = 0,04 (17) e
(-5°C) 1,16 £ 0,03 (17) 1,30 £ 0,03 (19) -
-1 (28) =5% (36) -—-
. Treated castrates (20°C) 1,22 + 0,06 (11) ———— ———
- (-5°C) 1,67 £ 0.11 (19) — ——

+27%  (30)

l: Standard error of the mean _ .t DP<0,05
2: Group population __t p<0,0lL
3: Aggregate population : p < 0,001

Analysis of variance - summary

Effect of treatment Effect of cold Interaction
1) 18-day exposure NeSe N.S. % %
2) 2L-day exposurs N.S. t = 2,75 p< 0,01 Wt

3) Sh-day exposure ———— t = 400 p < 0,0L Nt
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IV. Heart and kidneys (Tables XVIII-XX), Organ weights display no

change whatever, due to cold or to physiological status,

The values for heart cholesterol (Table XX) appear labile., At

room temperature, the decreasing order is as follows:

Treated castrate > Control > Untreated castrate; in the cold,
the order is reversed:

Untreated castrate > Control > Treated castrats, The low grade

of significance of these data does not allew speculation on thege

findings,

Table XVIII

Heart
(weight in grams}
18-day exposure

Groups 20°%C (W) ~50C (F) Difference

pbsolute controls (T) 0,90 % 0,04% (10)2 0,86 £ 0,02 (20) -Lg (30)3
Untreated castrates (C) 0,84 = 0,03 (11) 0.8L £ 0,02 (19) 0% (30)

Treated castrates (CI) 0.89 % 0,03 (11) 0,88 = 0,02 (19) <1% (30)

1; Standard error of the mean
2: Group population
3: Aggregate population

tnalysis of variance - summary

©ffect of treoatment N,S
Effect of cold NeOa
Interaction N.S

-
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Table XIX

_ Kidneys
(weight in grams)
18-dsy exposure

Groups 20°C (N) -59¢ (F) Difference

Absolute controls (T) 2,56 * 0,07% (9)2 2,148 = 0,08 (20) =U4F (29)3
Untreated castrates (C) 2,26 £ 0,05 {(11) 2.2k £ 0,05 (19) =23 (30)
Treated castrates (CI)  2.57 = 0,10 (11) 2,56 £ 0,09 (19) =13 (30)

1. Standard error of the mean
2: Group population
3: Aggregate population

Analysis of variance - swmary
Effect of treatment N.S.

Effect of cold N.S.
Interaction NeSe

Table XX

Total heart cholesterol
(mg & gms of wet tissue)
18-day exposure

Groups 20°C (N) -5° ¢ (F) Difference

Absolute controls (T) 116 = 261 (?)2 115 £ 11 (12) -1% (1.9)3
Untreated castrates (C) 110 £ 5 (7) 126 £ 6 (11) +13% (18)

Treated castrates (CI) 130 £ 18 (6) 85 = 7 (15) =35% (23)

1. standard error of the mean __1p< 0.05

2: Group populaticn
t  Aggregate population

o

Analysis of variance - swwnary
£ffect of treatment  N,S.
Effect of cold H.S,
Interasction NeSe



(6) Water contents of various organs (Table XXI). As a quick check

on possible fluid or ion movements due to cold or to physiologiecal
conditions, the water contents of a number of organs was determined,

of all the organs tested, only the prostate showed a éignificant change
due to castration per se and unrslated to cold, In all the other
organs, the water contents appeared as a constani value probabdbly
characteristic of the organ itself and unaffected by physiological

status or stress rasponse,
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¢ Water contents of various organs

Duration of exposure

Organs Groups 5% days T
Prostate Controls (20°C) 80,6 = 1,1t (8)2 81,2 % 0.6 (3)
(«5°%c) 83,0 = 0,7 (17) 82,6 £ 1,5 (5)
2% (25)3 +2% (8)
Castrates (20°C) 66,5 = 0,5 (18) I
(«50C) 63,3 * 3,5 (18) ——
=5%  (36)
Analysis of variance - summary
Effect of cold NoSe NoSo
Interaction NoSo R
Seminal  Controls (20°C) 76,8 = 1,1 (8) 79,0 2 1.4 (3)
vesicles ~50C) 78,8 % 0,k (16) 78,8 £ 0.7 (5)
+2% (2k) 0% (8)
Castrates (20°C) 75,9 = 0.8 (18) ——
(-59C) 78,1 = 0,4 (18) —
+23 (36) No significant
difference

Controls (20°C)
(-5¢C)

Castrates (20°C)
(=5°¢)

71,9 £ 0,5 (8)
7563 £ C,8 (16)
+4% (24)

73,9 = 0,1 (18)

P % 58

6942 £ 0,9 (3)
68,8 = 1,7 (5)
-1% (8)

- o

- cn

No significant
difference

Controls (20°C) 79.0 * 0.5 (9) 80,0 = 0,0 (2)
(=59C) 80,0 + 1,3 (16) T7.9 2 L.L (6)
+1% (25) ~3% (8)
Castrates (200C) 79.1 = 0 h (18) ————
(-5°c) 80,7 = 2193 —— No significant
o +3M 37 difference
7 Liver Controls (200C) 69l = 0.9 (9) 69.5 + 1,6 (3)
(~59C) 72,8 = 0, 8 (18) Thel £ 0,7 (6)
5 (27) 5% (9)
Castrates (20 u\ 7262 = 0, 8 (1%) ———
(=509 72.L = O 7 (18) - Ro significant
‘ 0% (3L) difference
. Lungs Controls (20°C) 77.9 % 0.3 (9) 79.5 % 0,8 (3)
: (=5°c) 78,2 = 0.2 (17) 79,2 % 0,3 (5)
£0% (26) 0% (8)
Castrates (200 Y 78.2 = 0L (17) P
(=50C) 78,6 = O li (19) —— No significant
=07 (36) difference
Standoxrd error of the moan

SO R0
B e

Group population




6, Microscopic observations,

1, The testes,

Inspection of Plate I reveals progressive damage to the tubules
and germinal sequence; at 18 days (Fig. 2), spermatids have begun
clumping giving rise to "berries", mechanical disorganization of the
sequence and pycnosis of a number of germinal elements, are observable,
At 2L days. (Fig, 3), reduction of the tubular diameter is evident and
the number of cuiescent tubules appears greater than normal. At 3L days,
(Fig. i) the "berries" resulting from consolidation or from aberrant
division invade the tubular field; soms tubules are still active, but
a significant number display complete arrest usually between the cyte=1
and cyte-II stages.

The evalvation of the damage to the interstitial spaces is near

to impossible; some observers have seen a hypertrophy of the Leydig
triangles but this alteration is fictitious, merely resulting from the
change in thc relative size of the tubules. Pycnosis of the nuclei;
vacuolization of the cytoplasm, shrinking of the cells have been cited
as proof of anatomical damage, but the present data do not provide clear
anatomical signs of functicnal alterations,

2, Adrenals (Plates II and III).

1, Effect of age. Figures 5, 7 and 9 show controls at different

ages: ne obvious difference appears due to age per se,

64
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2, Effect of castration (Figures 11 and 13), The well=known

hypertrophy of the zona fasciculata is observed with loss of sudamo=-
philia in the glomerulosa, Testosterone treatment (Fig. 15) accentuatss
the sudanophobia and reduces the thickness of the fasciculata to

control levels,

3. Effect of cold (Figures 6, 8, 10). Cold per se causes depletion
of sudanophilic material in the reticularis and hypertrophy of the
fasciculata, In the castrate (Fig. 12, 1) the sudanophobia due to
cold is accentuated and the thickness of the fasciculata is approximately
normal, Testosterone treatment (Fig, 16) superimposed to cold depletes
sudanophilic material and shows the normal features of the cold~-exposed
adrenal (Fig., 6).
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DISCUSSION

1, Effect of castration

(1) Somatic aspects, The rate of growth appears quite normal,

although the initial setback due to surgery is never compensated
and perhaps aggravated (nonpsignificantly) by testosterone treatment,

Perirenal fat shows a slight (non-significant) variation possibly

associated with the physiological condition (15); 1.6% of the body
weight in the treated castrates, 1% in the untreated castrates and

0.97% in the control (16), The somatic organs examined display no

effect ascribable to castration and heart values demonsirate no
cholesterol mobilization,

(2) Endocrine organs, The changes in organ weight and histological

picture (2drenal) confirm the classical observatiecns on the effects

of castration: "feminization" of the adrenals, juvenile values of

thymue weight, The thyroid is slightly depressed and the pitultary
slightly elevated: these changes are cancelled by testostercne treatwment,
The cholesterol content of the adrenal rises slightly (not significantly)
although sucdanophilia appears reduced,

(3) Sexual accessories, 7ne degeneration of these adnexa afver

castration is an established fact of endocrinology, as well as their
restoration by testosterone therapy to a value consistent with some
homeostatic level (17}, Vater content changes cnly in the prostate

and because of castration exclusively,
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2. Effect of cold

(1) Somatic aspects

I, Body weights., The loss of body weight appears not only as a re- Lo
tardation of growth, but as a distinct regression below the initial |
weight level; this loss might well represent the metabolic debt incurred

shortly after the initiation of the cold stress (18), never to be compen~ %
sated and proportionately aggravated by 2 prolongation of exposure, '
Among the somatic structures affected by cold, the muscle nass is said:

to be the most important (19)., Perirenal fat was used as an index of

somatic changes; this accumulation of intra-abdominal fat is a rellable
index of body maintenance and total fat over a wide range of values (20),
and is independent of diet (21), We have found it a good indicator of
the stress response: the treated castrate seems to accumulate more fat
at room temperature and to loose proportionately more in the cold, This
wasting of the body reserves follows closely the pattern of weight losses
and the trends observed in the survival rates,

TI, Survival, The cold-cxposed castrate survives as well as the control,
but the testosterone-treated castrate is definitely in an inferior situa-
tion: it appears that exogenous testosterone becomes toxdic if administered
to a cold-stressed castrate, If this view is correct, then the better

status of the castrate would result fron the absence of the main source

of androgens,

11I., Testosteronc utilization. The welght of the residuval pellet Gx-

tracted at post-mortem from the treated castrates, leads us to believe
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that the amount utilized and the rate of utilization are fairly
uniform and unaffected by cold, Our data allow only moderate specu-
lation, but we feel that the observed rate of utilization of exogenoms
testosterone would be consistent with a certain level of body needs
representing endocrinological (androgenic) homeostasis {17). Why
then should therapeutic testosterone prove more toxic than the andro=
gens normally producéd in the intact animal, by the testes and the
adrenals? Or is the severe depression of androgen production in the

cold-exposed control the ransom of adaptation and survival?

IV, Somatic organs, The weight of the liver is depressed, markedly
in the treated castrate, moderately in the other groups; thus a
nutritional "barometer" would remain unaffected by the duration of
exposure, The weight of the spicen is depressed uniformly in all
groups, in the mamner of a circulatory shock response, The weight
of the lungs is moderately depressed in all groups, except in the
treated castrates, where an unexplained elevation is observed. The

weight of heart and kidneys is unaffected,

The observed changes cannot be ascribed to a change in organ
composition; indeed, the water contents is unaffected by cold and
appears as a value characteristic of the organ concerned. Thus,
the value of this functional criterion is highly debatable, The
present data do not conform with other observations, where hypertrophy
of liver and kidney has becn observed (19, 22, 27); only after a

shorter period of exposure have we observed a slight hypertrophy of
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some somatic organs (2h), We feel that the interpretative value of

weight changes in somatic organs begs further elucidation,

(2) Endocrine organs, The response of adrenals and thymus in

relation to duration and intensity of stress is well known in cold
physiology. The hypertrophy of the adrenal is assumed to represent

an enhancement of cortical function (25), The increase in size was
sustained and did not show tendency to revert to normal, as adaptation
(18) was assumed impossible under the present conditions, In the castrate,
the feminoid characters of the adrenals are lost and after a suitable
period, the adrenals display a normal relative increase, The signifi-

cant increase in total adrenal cholesterol could be interpreted as re-

sulting from a partial block to normal biosynthesis of adrenal steroids
causing an accumulation of cholesterol as precursor, or as an increased
steroid biosynthesis where more precursor becomes available, or as a
switeh in pathways of steroid production, On the other hand, reduced
sudanophilia suggests a decrease in local steroids and an increase in
mobilization; however, the heart cholesterol does not vary and would
argue against any firm conclusion on this complex question,

Pituitary and thyroid show a weight depression, irrespective of

age; does this mean increased delivery of specific products or functiocnal
depression? The second alternative seems unlikely, at least for the thyroid,
and a clear answer rust await physiological and histochemical evaluation,

(3) The Testes.

I, Spermatogenic function, HKypoplasia of the seminiferous tubules has
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been shown to result from chronic exposure to moderate cold (8;9); a
comparable regression is now observed after acute exposition to a more
severe cold, indicating a relationship between the extent of testicu-
lar damage, the duration of exposure and the severity of the applied
stress. The loss of weight and the anatomical damage to the germinal
sequence are not as severe as those observed in the cryptorchid, sponta-
neous or experimental (26, 27), although the testis in the present situa-
tion, becomes abdominal in all exposed animals shortly after entry into
the cold room,

The damage involves the more differentiated elements; no cytolo-
gical count or evaluation of cellular associations (28, 29) was attempted
and the topical temperature of the testis was not measured, However, the
histological damage is typical enough to differentiate the cold-exposed
testis from the control organ and to represent qualitatively the duration
of exposure, Thus, these damages could be ascribed to a combination of
conditions brought about by exposure to cold: cryptorchid position in
part, perhaps compensated by a lowered body temperature, overall loss

of body weight, metabolic and/or circulatory impairments.

II. Endocrine function, The interstitial spaces are taken to display

some damage, but evaluation is almost impossible, All observations
remain uncertain in the absence of a safe visual criterion of functimal
level; an indirect evaluation of endocrine activity (androgenic) must
therefore be found elscwicrcs

Tae sexual accessories, prostate and seminal vesicles, have always

been considered reliable indicators of androgenic activity (31, 32, 33, 3L)
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vecause of their direct relationship to the titer of circulating androgens
(35)s The accessories in the cold-exposed control show a level of regres-
sion comparable to that observed in the castrate at room temperaturs, In
the cold-exposed castrate, cold per se has but a slight topical effect
on the accessories and in the testosterone-treated castrate, the replacement
therapy is equally effective in the normal-temperature animal and in the
cold-exposed subject, Thus, in some manner, cold causes a definite de-
pression of the endocrine activity of the testis, This depression of
the accessories may be partly related to the general emaciation of the
stressed subject, but somatic changes cannot affect purely endocrine
organs to such an extent and induce reversal to prepubertal levels merely
by sliding along the axis of body weight values, The significance of the
changes in testicular cholesterol poses more problems than it answers,
Variations in cholesteremia are known: seasonal in humans (36), sexual
in animals., Serum cholesterol is said to be lower in the male, but the
level is increased by castration, depressed by testosterone (37); in
the female, the higher levels are associated with the follicular phase
of the ovarian ecycle (38). Gonadectomy has been shown (not without dispute)
to reverse the sex differences in lipid metabolism (39); <£finally, some
androgens have been shown to possess hypocholesteremic properties permitting
species differences (LO, Ll).

Assuming thet a significant Iraction of the cholesterol present in
the testes is a precursor to the tosticular steroids (L2,L3,LL), a bleckage of

androgen bilosynthesis should cause an increase in the total precursor;
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if biesynthesis of testicular cholesterol is merely an alternate pathway
to androgen formation (LS), the reduced production of androgens would
still result in an increase of total cholesterol. Théagggigggé in totel
cholesterol of the testes in conjunciion with the changes in the sexual
indicators, confirms the fact of a severe depression of androgenic activity
(L6); the mechanism being a blockage of androgen production (L7) or a
switch to an alternate pathway., This representation is strictly pro-
visional in the absence of data on the cholesteremia; the increase in
adrenal cholesterol and sudanophobia might well point toc increased local
steroid synthesis (L8). and delivery, but heart cholesterol as a represen-
tative of somatic e&ents appears too erratic to lend pertinent information.
The depression of androgen production, evidenced by this disturbance
of steroid biosynthesis and by the regression of the sexual accessories,
indicates a clearcut depression of the endocrine activity of the testis
brought about by the stress of cold; one must remember that the ages
of the experimental subjects are well within the limits of full sexmal
activity., Worthy of note is the suspected appearance of a regeneration
of the accessories in the cold-exposed castrate, presumably due to an
increased titer of adrenal androgens; this effect appears on the prostate,

considered a more sensitive barometer of androgenic action, but this action

. though minimal, seems typical encugh to warrant further investigation,

GONCLUSTICN

1) Cold produces degeneration of the testicular function:

a) a depression of spermatogeresis (exocrine) assoclated with cryptor-

Sinco the 'me of cholesterol per unit mass" expressos rclationsnip to
tho uvhole testis, tho observed chanpe mey be fictitlous; indeed, the
tubular deronoration may by itself account for the woight depression
of the tostis, rosulting in a relative increasc in cholesterol concen-
tration, while tho prosurmd source (interstitium) romains unchangod.
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chism; b) a reduction in the production of androgens {endocrine),
2) The degeneration observed after chronic exposure to moderate cold
can be duplicated in nature and compressed in time, if cold is made
more severe; the degeneration appears proportional to the intensity
and duration of the stress,

3) Among the effects of cold, distinct areas become cbservable:
somatic, @.g. depression of body weights; neural, €.go reflex cryp=

mJ

torchism; and endocrine, €.8. depression of androgenic activity mani-

fested by regression of the sexual indicators,

L) The effects of cold on the testis are not appreciably modified by

age, provided the subject is sexually mature and active,

5) In the cold-stressed castrate, adrenal androgens are seen to act

minimally but typically, after a sultable duration of stress response,

6) Cold ﬁggz_gg" has probably no topical action on the sexual accessories,

since these organs retain their “indicator" value relative to the level

of circulating androgens and the affectivensss of testosteronse therapy,

7) The survival of the cold-exposed male is modified by the functional

level of the endocrine testis; the response of the male appears as a

physiological castration, Furthermore, exogenous testosterons 1s seen

to lower resistance to cold by some form of toxicity. Tnis assumption

nay have to be seriously revised as current observations seem to disprove -

the initial observations on survival of the tastosterone-treated castrates.
Ais a working hypothesis to support further investigation, the

following propcsition may be stated: cold "per se® acts on the testliss

1) by causing reflex cryptorchism and its long-term effects on spermato-




genesis; 2) by way of somatic conditions resulting from general
emaciation; 3) by way of some neuro~-humoral pathway, resulting in

a situation comparable with castration, The time-development of the
testicular response to cold may be visualized as a definite schedule
observable in the gradual responses of the accessories, Under the
present conditions, no evidence was sought of a return te normal of
the testicular function, endocrine or exocrine; no opinion can be
expressed on the mechanism of cholesterol utilization and/or testos-

terone blosynthesis,

SUMMARY
The response to severe cold was studied in the mature male rat
under three conditions: normal, castrate and testosterone-treated
castrate, Data were obtained on 1) the alterations of the organ
weights and of the histological picture of testes and adrenals, and
2) the functional changes in the sexual accessories, Physiological
inferences allow us to ses the effect of cold on the testis as a

functional depression, exocrine and endocrine as well.

4
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Plate I, Effect of cold on the testis of the adult rat
- (125 X « Mallary trichrome),

Figure 1,
Figure 2,
Figure 3,

Figwe L,

18 days
18 days
2k days
3L days

Control at roem temperature (20°),
Exposed o cold (-59C),
Exposed to cold (=5C),

Exposed to cald (=5CC),



Plate 1,1.
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Plate II, Effect of cold on the adrenal of the aduli
male rat (37.5 X; figure 5 and 6: Sudan
Black; figure 7-10: Mallery trichrams),

Figure 5. 18 days - Camrol at room temperature (2000),
Figure 6, 18 days - Exposed to cdld (-5C),

Figure 7, 24 days - Centrol (20<C),

Figure 8, 2L days - Exposed to cald (=5°C),

Figure 9, 3l days = Camtrol (209),

Figwe 10, 3L days - Exposed to cold (=5%C),
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Plate III, Effect of cold, castration and testosterons
on the adrenal of the adult rat (37.5 X;
figure 11, 12, 15 and 16: Sudan Black;

Figurs 13 and 1k: Malory trichrome).

Figure 11, 18 days
Figure 12, 18 days
Figuwre 13, 24 days -~ Castrate at roam terperature (20°c),
Figure 1, 2l days ~ Castrate exposed to cald (=5%C),

Castrate at room temperature (20¢c),

Castrate exposed to cald (-5),

Figure 15, 18 days - Treated castrate at room temperature (20%),
Figure 16, 18 days - Treated castrate exposed to cald (-5%),
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Chapter Two

PCSSIELE PRCTECTIVE ACTIQN OF ASCCRBIC ACID
AGAINST CCLD~-INDUCED DAMAGE IN THE ENDOCRINE TESTIS ,




In the investigation of the effects of cold on the function
of the testis, an examination of the action of ascorbic acid on
the genital apparatus was considered imperative, Resistance and
acclimatization to cold have been closely related with the tissue
contents in ascorbic acid, whether complemented by an exogenous
supply as in the guinea pig or increased intrinsically as in the
rat (1), Thus, animals exposed to cold require greater amounts of
ascorbic acid, not only for adaptation, but for maintainance and
survival (2,3) Further studies revealed that the feneficial effect
of ascorbic acid was possibly mediated by the thyroid hormones with
the "conditioning" cooperation of the cortical steroids (L)

Nutritional studies have also demonstrated a protective action
of ascorbic acid, whereby serious polyhypovitaminosis as well as
specific deficiencies could be corrected or significantly prevented
(5). This protective action was specially observable in the case
of thiamine deficiency; in the young rat, the development of the
testis is retarded, spermatogenesis is variably deferred and atrophy
of the sexual accessorios indicates functional impairment of the
interstitial tissue. Ascorbic acid corrects partially the three
areas of damage, presumably by reversing the depression of gonado-
trophin production due to malnutrition (6). Scurvy in the guinea pig
was demonstrated to cause in the testicular apparatus earlier and more
severe damage than inanition alone (7). The totsl ascorbic contents

of the testis was shown to be decreased in the cryptorchid testis and
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in the hypophysectomized animal; howsver, gonadotropins inducing
increased steroidogenesis did not evoke a higher level of ascorble
concentration, From these observations, the conclusion was drawn
that ascorbic concentrstion of the testes bore no relation to
steroid production and that the depression observed in the cryptore
chid testes was due to changes in metabolism of the abnormally placed
testis (08)e

Additional evidence from histochemical and Warburg studies
showed that in the scorbutic guinea pig, increased glycogen of the
epithelium of the seminal vesicles was probably related to a dise
turbance in fructose metabolism., Total and cellular cholesterol
was augmented in the testis and a decrease of succinic dehydrogenase
and cytochrome oxidase activity pointed to a depression of enzymatic
function in the ascorbic-deficient testes and vesicles (9)e However,
microscopic examination of the interstitium in scorbutic guinea pigs

failed to display recognizable damage (10), Cattle studies revealed
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that the ascorbic acid content of bull semen was an indicator of andro-

genic activity, responded to HCG treatment and was unaffected by stress

(undefined) (11),

In spite of these conflicting data, but in view of its action
in cold acclimation, we decided to test the ability of Vitamin C as
a potential protective agent against damage in the endocrine testis
and against other responses observed after exposure to severe cold;

if this protection is effective and reaches the anatonicel level, it

i
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|
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should be observable in terms of improved survival, better bedy
weight support and maintenance of the androgenic function of the

testis as made visible by the response of the indicators,

MATERIALS AND METHODS
A group of male rats (Wistar Albino) was arranged according

to the norm of Table I

Table I

Distribution of animals

Groups 20°C (N) 5% (F)
Controls (T) ™ (13)Y TR (23)
Ascorbic acid? (A) AN (20) AF (3L)

1; Group population
2; 150mg daily in 2 equal doses, by gavage

needle; controls receive twice daily an

equal volume (lcc) of distilled water by the

gsame routs,
After a S-day quarantine in air-conditioned quarters, the animals
were grouped and three days prior to entry into cold agcorbic acid
treatment was initiated, Ascorbic acid (Redoxon Roche)¥ to the
experimental animals and distilled water to the controls were ad-

ministered by gastric gavage. The needle was fed from an automatic

¥ Redoxon: Vitamin C (Ascorbic acid U.S.P.) Roche; 2 cc ampulles
containing 500mg of l-Ascorbic acid, graciously supplied by Hoffman-
LaRoche, courtesy of Dr, Ronald M, Fyfe, Medical Director, The
desired concentration (75 mg/cc) is obtained by dilution with distilled
water, prepared daily and kept at refrigerator temperature,




syringe dispenser, permitting .a smooth and quick operation;

the animals suffered no trauma and quite early became habituated
to stomach penetration by the device, Ascorbate was administered
as the sodium salt of ascorbic acid; since from previous tests
(with NaHCO3 at equimolarity), the cation proved without effect,
no sodium control was carried, .

Exposition to cold was made in ventilated rooms at -5°C = 1°
with i11lumination from 9:00 a.,m, to 5:00 p.m., The controls were
left in air-conditioned quarters maintained at approximately 20°C,
under natural illumination, All animals were caged individually;
Purina lab chow and tap water ad libitum for all subjects, In the
cold, however, to prevent nesting, a limited but ample number of
pellets was offersd, Body weights were obtained every 2«3 days
and daily inspection made for signs and symptoms of cold injury.
On day 18, all animals were sacrificed and autopsied.

RESULTS
Body weights (Table II)
The now femiliar depression due to cold is observed, at a
level corresponding to an 18-day period of exposure, No effect
appears due to ascorbic acid, in the terminal body weights and in

the growth curves (Fig. 1)
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Table II

i
]
}
!

Body weights (grams)

Groups Initial Terminal %
Controls 2000 258,9 % 2,8 (13)2  321,8 % 6,0 (13)
~50C 260,6 + 2,6 (23) 2k7.0 % L5 (18)
=23 (31)3
Ascorbic acid 20°C 259.L4 2 2,4 (20) 311,7 2 5.7 (18)

~5°C 58,5 = 2.4 (3k) 239,2 = 3.7 (27)
-23% (k5)

1; Standard error of the mean,
2; Group population,

3, Aggregate population,

=t P < 0,001

Analysis of variance - summary

Effect of treatment Effect of cold Interaction
Initial B.W, N.S. N.S. N.S,
Terminal B.W, N.S. t = b4 p < 0,001 NeSe

Survival rates (Table III).

The survival rate is similar to that previously observed and

no difference dus to ascorbic acid is detectable,
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Table III

Survival rates
(% of initial population)

3

Groups Dayso L 8 12 16

Controls 100 {23)* 96 (22) 96 (22) 82 (19) 78 (18)2 :

Ascorbic acid 100 (34) 97 (33) 91 (31) 85 (29) 79 (27)

1; Initial population
2; Terminal population

Organ weights and other data

Testes (Table 1v)

A divergent effect of ascorbic acid at normal temperature
and in the cold proves non-significant énd within the range of
normal variation, The depression due to cold, at the predictable

level and within the familiar range, is the only significant

observation,




23

Table IV ‘

Testos :

(weight in grams)

Groups 20°C (N) =59 (F) Diffarence
Controls (T) 3,19 % 0,07% (13)2 2,99 + 0,09 (18) = 6% (31)3

Ascorbic acid (A) 3.33 £ 0,08 (19) 2,68 + 0,09 (27) ~19% Qu6)

1, sStandard error of the msan
2; Group population

3, Aggregate population

wss! P < 0,001

Analysis of variance

Source of variance D.Fe. S.S. M.Se Fobs,

Effect of treatment 1 0,146  0,1L6 094  N.S.
Bffect of cold 1l 3,178 3.178 20,148 *
Interaction 1 0,912 0,912 587 *
Error 73 11,33 0,155

Bffect of colds t = 5,34 p < 0,001
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Sexual accessories (Table V and VI)

The weight ldss due to cold occurs almost exactiy at the
predictable point and within the famillar range; ascorbic acid
proves without detectable effact,

Table V

Prostate
(weight in grams)

Groups 20°C (N) =5°C (F) Difference

Controls (T) 0,36 % 0,03% (13)2 0,23 £ 0,02 (18) -36% (31)3

Ascorbic acid (A) 0,38 £ 0,02 (18) 0,21 ¢ 0,01 (27) -_15__};_ (L&)

1l:; Standard error of the mean .t p< 0,001
2; Group population T

3: Aggregate population

Analysis of variance

Source of variance D.F. SeSe M.S. Fobs,

Effect of treatmsnt 1l 0,0 0,0 0,0 NoSe
Effect of cold 1 0,L0 0. L0 59,70 * %
Interaction 1 0,607 0,007 1,05 N,S.
Error 73 0oL 0, 0067

Effect of cold t = 7,14 p < 0,001




Table VI

Seminal vesicles
(weight in grams)

Groups 20°C (N) 5% (F) Difference

Controls (T) 0.5k # 0,02 (13)2 0,27 # 0,02 (18) ~SOB 1)3

Ascorbic acid (A) 0,52 £ 0,01 (18) 0,25 2 0,02 (27) =528 (L5)

1l; Standard error of the mean -t P < 0,001
2; Group population -
3: Aggregate population

Analysis of variance

Source of wvariance D.F. S.S. M. S, Fobs,

Effect of treatment 1 0,012 0,012 2,03 N.S,
Effect of cold 1 1,29 1,29 218,6 * ¥
Interaction 1 0.0 0,0 0.0 NeSe
Error T2 0,425 0,006

Effect of cold: t = 15,3 p < 0,001

Stress indicators (Tables VII and VIII)

Cold alone causes the predictable response at a significant levels
hypertrophy of the sdrenals and thymolysis, No action of ascorbic acid

detectable,
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Table VII

Adrenals
(weight in milligrans)

Groups 20°C (N) 5% (F) Difference

Controls (T)  15.8 £ 0,5% (13)2 56,7 = 1,7 (18)  +19% (31)°
Ascorbic acid (A) LBob £ 1.7 (19) 57. £ 1,5 (26)  +16% (L5)

1; Standard error of the mean et P < 0,001
2: Group population
3; Aggregate population

Analysis of variance

Source of variance D.F. S.S. M.Se Fobs,

Bffect of treatment 1 51,6 51,6 1,07 N.Se
Effect of cold 1 7191,6 7191,6 1L8.9 P
Interaction 1 16,2 16,2 0.3k NoSe
Error 72 347708 18.3

Effect of colds t = 6,28 p < 0,001
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Table VIII
Thymus
(weight in grams)
Groups 20°¢C (N) =59 (F) Difference t&
Controls (T)  Ookl * 0,03 (13)2 0,20 ¢ 0,01 (17) -55% (30)3

Ascorbic acid (A) 0.L2 £ 0,02 (19) 0,18 = 0,02 (25) --_5__-_"!_‘?5 [y

1; Standard error c¢f the mean -t P < 0,001
2; Group population -
3: Aggregate population

Analysis of variance

Source of wvariance D, F. S.S. M. S, Fobs.

Effect of trsatment 1 0,0072 00,0072 1,08 N.S.
Effect of cold 1l 1,01 1,01 15,1 ¥* %*
Interaction 1 0,0 0.0 0,0 N.Se
Error 70 O.h67 000067

Effect of cold: t = 12,0 p < 0,00
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Pituitary (Table IX)
Cold causes the predictable weight loss. A low grade of significance

marks the effect of ascorbic at room temperature; a similar effect was

occasionally seen after short treatment periocds, but no relationship

with time could be established,

Table IX

Pituitary
(weight in milligrams)

Groups 20°C (N) «59C {F) Difference
Controls (1) 9.0 £ 0,4% (13)2 B 205 (18) - 78 (31)°
Ascorbic acid (A) 10.L + 0.3 (19) 8.3 & 0,2 (26) -g_oi (L)

1, sStandard error of the mean 1 P < 0,00

2: Group population
3: Aggregate population

Analysis of variance

Source of variance D,F. S.S. M.S. Fobs,.

Effect of treatment 1 9.0k 9.0k L1 *

affect of cold 1 30,6 30,6 13.9 * %
Interaction 1 10,2 10,2 L6 3

Error 72 158,2 242

Effect of treatment: t = 2,05 p < 0,05
Effect of cold : t = 3,61 p< 0,001
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Liver (Table X)

No change due to cold or ascorbic acid or both is detsctable,

Table X

Liver
(weight in grams)

i
{
1
i
!

Groups 20% (N) =59 (F) Differencs

Controls (T) b3 % 0,6% (13)2 13,3 £ 0,3 (18)  =7%(31)3
hscorbic acid (A) 13,8 2 0,3 (16) 13,8 £ 0,3 (27) 0%(L3)

1l; Standard error of the mean
2, Group population
3: Aggregate population

Analysis of variance

Source of variance D.F. S.S. M.S. Fobs,

Effect of treatment 1 0,16 0,16 0,06 NeSe
Effect of cold 1 2,64 2.6k 1,05 N.S.
Interaction 1 Le31 Lo 31 1.71 N.S.
Error 70 17666 2,52

Lungs (Table XI)
The depression due to cold alrsady noted is observed, but ascorbic

acid is without effect,
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Table XI

Lungs
(weight in grams)

Groups 20°C (N) ~5°C (F) Difference

Controls (T)  1.32 = 0,021 (13)2 1,16 0,03 (15) ~12% (28)3
Ascorbic acid (A) 1,32 £ 0,03 (18) 1,1 £ 0,02 (26) -__111_}; (Lk)

l: Standard error of the mean ! P < 0,001

2; Group populaticn

3: Aggregate population

Analysis of variance

Source of variance D.F. S¢S, M.S. Fobs,
Effect of treatment 1 0,0 0,0 0,0 NeSe
Effect of cold 1 0. L8 0.L48 L0, 3L * %
Interaction 1l 0,002 0,002 0okt N.S.
Error 68 0,81 0,012

Effect of cold: ¢ = 6,8 p < 0,001

Water contents (Table XII)

As already neted, no change in water contents is observed consequent
to cold; the only change due to ascorbic acid is a non-signifiicant increase
of 7% water contents in the adrenal at room temperature, perhaps resulting

from moderate storage of exogenous vitamin C.
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Microscopic observations

The familiar picture of spermatogenic damage due to cold was

cbserved along with the debatable cbservations on the inmterstitial

spaces. (Plate I, Figs. 2 and 6). No evidence of difference ar

repair due to vitamin C was cbserved, (Plate I, Figs. L and 8).

DISCUSSIQN

Effect of cold |
The present cbservations confirm previcus data on the effect v

of cold and fall almost exactly at the values predictable far the

duration of the exposure; the pattern of response in the varicus

data is now familiar and requires no further comment. The survival

in the cald remains unmaffected by ascarbic treatment,

Effect of Vitamin C

At room temperature, the only cbservation warthy of note is an
unexplained elevation of pituitary weight in the ascarbic-treated
subjectse.

A1l the observations on the cold~exposed animals proved negative
for any type of influence due to ascorbic acdd. The dosage was se=~
lected to provide an excess of circulating Vitamin C; indeed, this
dose level (150 mg/day/rat) was adopted from previous observations
where 325 mg/day had proven effective in monkeys with a body weight

of 5.6 kg exposed to moderate cold (3).




103

On the basis of the presumed participation to progesterone
synthesis (12) and action on steroidogenesis (13), we had hoped
to detect some effect in the sex indicators, Adrenal hypertrophy
(sign of non-adaptation) shows the inability of ascorbic acid to
protect against cold under the present conditions, ’

Speculating on the negative results, one could perhaps say
that the stress of intense cold acts with such acuity and swiftness
as to prevent any form of adaptation; thus, partial protection if
present, against biochemical injury, would be overshadowed and would
never reach the anatomical level, to render protection and repair

observable,
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Plate I, Effect of ascarbic acid and cold on the testis
of the adult rat (Mallary trichrome),

125 X

Figure 1,
Figure 2,
Figure 3.
Figure Y,

500 X

Figuwre 5,
Figure 6,
Figure 7,
Figure 8,

Contral at rocm temperature (209),
Exposed to cald (=50C),

Ascorbic acid at roam temperature (20¢c),
Ascarbic acid exposed to cold (-5°C),
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Chapter Three

PGSSIELE PROTECTIVE ACTION OF ZINC AGAINST
COLD~INDUCED DAMAGE IN THE ENDOCRINE TESTIS

i
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Since Bertrand and Vladesco first demecnstrated the presence and
discussed the function of zinc in the male reproductive argans (1),
numerous investigations followed the premise that "zinc plays a part
in reproduction and in the regulation of internal secretions®,

Moderate sinc deficiency cbtained by restriction of the distary
intake was shawn to cause degemeration of the testes and of the sexusl
accassaries; hawever, retarded accessories responded to testosterons
and the testes recovered under gonadotropin treatment, leading to the
assumption that zinc favors production of these harmenss (2), The
systemic effects of a distary abssnce of zinc were corrected by
supplement, except the atrophy of the testes and the degeneration of
the accessaries (3), Attendant to the various levels of zinc deficiency,
carrespanding changes were cbserved in the zinc contents of the dorso-
lateral prostate. An excess of tepical zinc caused by intratesticular
injection of zinc chloride induced teratamas in the rooster, if the
subject was treated during the spring period of activity and especially
after gomadotropin “priming*; in the rat, where spontanecus tumors
of the genital tract are exceptional, testicular growths were ctained,
but only after an extremely long period (at least 15 momths) (L).

A high concentration of zinc was demcnstrated in the dorsclateral
prostate of the rat (and in the Paneth cells of the rat small intestine),
with only a small fractima (2.5%) in carbamnic anhydrase (5). The increase
in prostatic zinc progressss through infancy to a maxizum of 160 day=
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of age; this increase parallels carbonic anhydrase contents, but
is unrelated to carbonic anhydrase or phosphatase (acid or alkaline)
activities (6).

Removal of zinc from the semen did not seem to affect fertﬂ.itf,
showing that zinc may be important but not essential to reproduction
(7); although spermatozoa contain a high concentration of zinc (8)
presumably extracted from the seminiferous tubules, some authors
leave open the questicn of the function of zinc (9). In human semen,
zinc is said to be present in 2 statess 1) as free ions and 2) as
protein-bound zinc deriving from prostatic fluid; no associaticn of
zinc with seminal 1ipids is known (10),

In vitro studies of Zn65 uptake by the prostats have been used
in ths evaluation of prostatic diseases (11); 4in the hypophysectomized
rat, the same response has been considered a sensitive and specific biow
assay for ICSH activity (12), The uptake varisd with the different
regions of the gland and displayed modifications attendant to cancsrous
conditions (13), The testicular uptake of Zn®5 appeared depressed 18
days after hypophysectomy, although changes in the germinal epithelium
and in the interstitium were still minimal; ICSH given on the 5th post-
operative day prevented depression of the uptake, but STH and prolactin
proved ineffective (1l), Testosterone in the zinc-deficient rat, improved
growth of the accessories without improving the concentrating power and
without correcting testicular atrophy; gonsdotropins favored the rate
of growth and the sexual maturation in the young, but did not reverse

the genital atrophy (15). ACTH in the hypophysectomized rat restored

f
i
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the uptake ability of the prostate and raised the zinc concentration
in the prostate and in the adrenals; thus, the possibility of an
influence of zinc on steroidogenesis was accepted (16), Adrenalectomy
depressed the A concentration and the uptake ability of the testis
and of the dorsolateral prostate; cortisone returned this property

to normal (17),

Other trace elasents pose interesting problems to the endocrinolo-
glst; serum copper has been shown to increass significantly in elderly
males and in post-menopausal femalea- under testosterons and estradiol
respect.ivély; 8 weeks after cessation of either treatment, the serum
contents had returned to the pre-treatment level (18), A more dramatic
case in point is cadmium; this element, mors toxic to the male thm
to the female, administered in non-toxic levels caused acute destruoticn
of the germinal epithelium and of the interstitial tissue, ewvoking
castration phenomena (19). Twenty days after subcutaneous injection,
the Leydig cells began to regenerate and the endocrins function re-
turned graduslly, but restoration of the germinal epithelium was delayed
to at least 133 days, A large dose of zinc salts (also by subcutaneocus
injection) prevented this spectacular damage, presumably by inhibiting
the cadmium blockags of the SK groups; thie antegonism had already
been recognized in the case of yeast growth (20),

Tne cadmium damage is not spaciea specific, but 1s restricted to
the testis; 2n°> uptake is depressed in the testis and 4in the dorso-

lateral pProstate, but not in the ventral prostate nor in the ovary or
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other tissues of the female genital tract, The conclusion is drawm
that the ginc complexes in the testis and dorsolateral prostate (under

ICSH and androgen control) might be different from the zinc complexes

in other organs (21). Thus, zinc would be displaced by cadmium for

which no hausostatic control seems to exist, whereas zinc appears to

be subject to two different controls: 1) a negative feedback towards

absorption and 2) a positive feedback towards excretion (22), The

cadmium damage to the testicular function has ingeniously been utilized

for ths localization in the pituitary of specific gonadotrophs, scms

acting on the germinal epithelium, others acting cn the interstitium (23),
In view of the importance of zinc in the physiology of the testis

and in relation with findings on the effect of cold in the male genital
apparatus, it was natural to think of a supporting or protective action
of zinc towards the testis under stress, The protection, if present,

could appear at the somatic level by improvement of survival and better

maintenance of the body weight and growth process, and/or at the physiols

ogical level, by anatomically observable prevention of damage to spermae
togenesie or androgenic activity, .

MATERIALS AND METHODS

A group of male rats (Wistar Albino) was arranged according to
the norm of Table I, All procedures were not performsd sirmultaneously
nor on homogeneous groups, However, the data were pooled only when

statistical evaluation showed acceptable replication,
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Table I

Distribution of animals

Groups 200G (N) =59 (F)
Controls (T) ™ (73)% TF (220)
Zincetreated (2)° ZN (88) Z (210)

l: Group population
2: 300 micrograms of 2n30;.E,0 (0,3 ml) daily at

same hour by gavage needle; controls receive
distilled waver under sams conditions,

The zinc treatment was initiated upon eniry into cold and
Proceeded as follows: a solution of ZnS0y Ho0 {1mg/ml) was adminise
tered daily at the same hour by gavage needle at the dosage of approx-
ximately 300 pem (0.3 ml), This dosage was selected bscause of its
proven replacement valus in zincedeficient animais, The manipulation
Proved non traumatic, quick and easy, as the animals became promptly
habituated to the insertion of the device, This method of direct
administration was preferred to "ad libitun" drinking, for a mmber
of reasons: at -59C, the drinking water freezes requiring frequent
changes of containers and although the animals eventually learn 'ice
chewing”, the amount of fluid consumed by individual subjects remains
highly variable; furthermore, the cold-oxposed animals consume less
water than the subjects at room temperature. For these reasons, a
uniform technique was adopted,

Distilled water was administered to the controls by the sams mstnod,
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Body weights (Table II - Terminal body weights)

The famillar pattern of growth arrest and weight loss is
observable, where the depression is related to duration of exposure;
no difference appears as & consequence of zinc treatment, The growth
curves of controls versus sinc-treated are prgctic&lly coincident
and display no significant effect except the action of cold. Thus,
figure 3,1 displays ons single curve for ths subjects at roem tem- |
perature (with or without Zinc) and ons single curve for ths cold-
exposed exdmals (with or without Zinc treatment).
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Table II

3
{
i
P
',i
£

Body weighte (grams)

Groups Duration of expesure (=59C)

tial 17 days 30 days 40 days

Controls (20°C) 2647 *2.7% (38)°  272.9 2.8 (23) 264.0 3.2 (15)
(-5%) 265.3 1.5 (93) 26903 % 2.3 (67) 266.1 % 2,4 (60)

Zine (20°9C) 265.0 £2.2 (39) 265.9 * 1.4 (25) 265.2 1.8 (16)
(=59%C) 265.5 *l.i (93) 26,2 1.8 (58) 26601 % 2,0 (59)

erminal
Controls (209C) 33343 .% 3.5 (23) Lhl.9 = 0.7 (33) 372.5 £ 17.8 (6)
(=5°C) 225.3 2 2.4 (L2) 223.h4 £ 2.3 (&) 218.0 = 9.4 (9)
-32% (65)3 ~50% (7). g (25
Zine (20°C)  325.3 2,7 (28) 42Le7 £ 3.2 (10) 365.8 % 23.5 (6)
(=5°%) 233.1 % 3.3 (4O) 216.6 £ 2.8 (56) 22,2 ¢ 8,4 '(11)
~28% (68) -Lgg (66) -39% (17)

(April 25 to May 12 (Aug. 9 to Sept. 18) (Nove L to Dec. 12)
and Nov. 4 to Nov. 20)

wavmsomster
——

l: Standard error of the msan —t D <0001
2: Group population -
3: Aggregate population
Analysis of variance - summary
Initial Body Weights
=ffact of treatment NeSe . . NeSe NeSe
Effoct of cold 1.5, N.S. NeS.
Interaction N.S. N.Se NeS.
Torminal Body Woights
Effect of treatmpnt N.S. N.Se N.Se
Effect of cold t @ 32,9 p<0.001 te=345 p<0,00L t=28.9 p<0.001
Iﬂmr&ﬁ.on L g Nyst N-So
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Survival rates {Table III),

The pattern of the survival rates displays two familisr featuress
1) the rats of death is swift at first, then tapers off as the more
resistant subjects survive and exceptionally, may be considered adapted;
2) the survival at 18 days is at tho level previcusly observed which
poinits to a pleasant uniformity of response,

Table III

Survival rates
(% of initial population)

Days
O 10 20 30 L 50 60 70 80

Controls 100 73 IS5 5 3 26 16 13 7
Zinc 100 76 48 L2 2 18 18 13 &6

Organ weights and other data,

Testes weight (Table IV)

The predictable loss of organ weight and the tims effect are

clearly observable within the usual range; the only significant effect

is due to cold, no action of the zinc treatment detectable,

i
i
&
1
1
H
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Testes

(weight in grems)

Duration of exposure (~59C)

Groups
17 days 30 days 40 days
Controls (20°C) 3,42 ¢ 0,061 (24)2 3,18 £ 0,08 (13) 3.22 £ 0,08 )
(=59C) 2,68 £ 0,04 (L1) 2,40 £ 0,11 (21) 1,90 £ 0,20 (9)
=223 (65)3 ~25% (3h) ~1a% (14)
Zine (20°C)  3.17 £ 0,05 (28) 3,06 x 0,06 (9) 3,32 £ 0,10 (6)
(=59C) 2,71 £ 0,06 (38) 2,13 # 0,13 (20) 2,33 £ 0,20 (11)
158 (66) -3% (29) ~30% (17)
l: Standard error of the mean ! P<0,00
2, Group population
3: Aggregate population =t P < 0,001
Analysis of variance - summary
Effect of treatment N,S, N.S. N.S.v

Effect of cold

Interaction

t = lo.h p <0.001 t o 8.6 p <0.m1 t = 6.3 p &.ml

*

N.S,.

K.S,
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Total testis cholesterol (Table V)

A check of this variable confirmed several previous obsaervations,
and shows the effect of cold as the only significant cause of alteration,

Table V

Total testis cholesterol
(=g # gram wet tissus)

Duration of exposure (~59C)

Groups
17 days 30 days
Controls (20C) 152.6 * 3,51 (13)2 W6 9 (8)
(=5°¢) 183.3 £ 7,6 (26) 219 £ 6 (6)
A7 (39)3 +3% (1h)
Zino (20°¢) 162,1 + 8,0 (18) 163 £ 6 (9)
(-5%) 173.3 £ L1 (23) 251 = 37 (5)
+6% (1) +35% (1)
1: Standard error of the mean -t P<0,05
2: Group population t p< 0,01
3: Aggregate population -
==m! P < 0,001
Analysis of variance - summary
Effect of treatment N.S. H.S,
Effect of cold t e« 3,11 p < 0,01 t = 3,42 p<0,01

Interaction N.S. N.Se
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Sex accessories (Tables VI and VII).

The now familiar action of cold, absolutely unaffected by zine
treatment, appears related to duration of exposure and the changes
fall within the predictable range,

Table VI

Prostate
(weight in grams)

Duration of exposure (-5°C)
30 days
0,76 % 0,06 (13)

Groups

17 days
0,56 ¢ 0,021 (21)2

LO days
0,64 * 0,05 (6)

Controls (20°C)

(-5°C) 0.2k ¢ 0,01 (42) 0,19 £ 0,02 (22) 0,21 # 0,03 (9)
574 (66)3 ~75% (35) 678 (15)
Zine (20°C) 0,51 * 0,02 (27)  0.72 + 0,04 (20) 0,70 & 0,01 (5)
(-5°) 0.2k 2 0,01 (LO) 0,17 £ 0,01 (22) 0,25 £ 0,02 (10)
~53% (67) -76% (32) ~6lg (15)
o P~ BES
1: Standard error of the mean —t P < 0,001
2: Group population -
3: Aggregate population
Analysis of varisnce . summary
Effect of treatment N.S. NS, N.S.

Effect of cold
Interaction

tm 7.5 p< 0,001

N.S.

N.S.

tmlsgé p<0.001

N.S.

t = 12,6 p< 0,001
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Table VII

Seninal vegicles
(weight in grams)

Duration of exposure (<5°C)

Groups

17 days 30 days 4O days

Control (20°%) 0,57 # 0,02% (23)2 0.66 % 0,02 (13) 0,62 = 0,04 (6)
(=5°) 0,26 £ 0,01 (L1) 0,29 % 0,02 (22) 0.2 2 0,03 (9)
5 (64)3 562 (35) -61% (15)

Zine (20%) 0,55 + 0,02 (27) 0,61 % 0,0h (10) 0,73 % 0,02 (5)
(5%) 0,22 £ 0,00 (39) 0.21 0,02 (22) 0,29 * 0,02(11)
% (%) ) %08

1; Standard error of the mean ot P < 0,001
23

Group population
3; Aggregate population

Analysis of variance e swmmary

Iffect of treatment NoSe N.S. N.S.

Effect of cold t =194 p<0,00l ¢ 13,9 P<0,001 ¢ =1211,1p <0000
Interaction N.S. N.S. N.S.

etz e

:)‘v‘.
S
k9
=
2
i
i
£
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Stress indicators (Tables VIII, IX),

No effect whatever due to ginc-treatment can be observed at

room temperature or in the cold; cold alane and at the predictable
level is the causs of a significant alteration, A check on total

adrenal cholesterol displayed a broad variation without detectable
significance, except perhaps a trend toward depression due to cold,

Table VIII

Adrenal glands
(weight in milligrams)

Duration of exposurs (-59C)
17 days 30 days 4O days

Controls (209G)  LL.S =z 1,6* (21&)2 L2,y £ 2,0 (12) 18,0 # L,0 (6)
(=5%)  55.7 £ L5 (LO) 19.8 5 2.5 (22) 65,2 2 L2 (9)
+208  (6u)3 +15% (3L) +26% (15)

Zinc (20%) 15,4 £ 1,1 (28) 10,9 = 1.6 (9)  51.5 £ L7 (6)
(-59C) 38k % 1,3 (L0) 51,2 %1,7 (22) 59.5 ¢ 3.8 (10)

Groups

+22% (68) +20% (31) +14% (18)
— oamnn
L: Stendard error of the mean -3 P<0,05
2:  Group population © 3 p< G001
3: Aggregats population =t P < 0,001
Analysis of variance . surzzary
Effect of treatment N.S. N.S. N.S,
Effect of cold t =367 p<c0,0l t = kel p < 0,001 t = 2,95 p < 0,01

Interaction N.S. N.S. N.S,
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Table IX

Duration of exposure (=59C)

17 days N 30 days
Thymus Pituitary Adrenal cholestercl
(veight in grams) (weight in milligrems) (mg%gn wet tissue)

Groups

ontrols {20°C) O,k # 0,02* (15)2 908 0,2 (13) 3284 £ 223 (8)

«5°C) 0,13 £ 0,01 (27) 8,6 % 0,2 (26) 2877 2 LOO (3)
= =108 (12)3 ~12% (39) -12% (1)
ine (20°¢) 0,38 = 0,01 (18) 10,1 = 0,2 (18) 0773023 °£:387 (5)
(=59) 0,12 £ 0,01 (24) 8.6 2 0,2 (24) 2195 )
-682  (42) -15% (L2) ~28% (6)
1; Standard error of the mean —? P < 0,001
2: Group population

3: Aggregate population

Analysis of variance - summary

Thymus Pituitary Adrenal chalssterol
erct of tl‘eamnt N’S. N.s. N.SQ
Effect of cold t =207 p<0,001 t=7,37 p< 0,001 R.S,

Interaction ™ H.S. N.S.
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MICR(SCCPIC (BSERVATICNS

1. Effect of caold and time

The nov familiar pictures of the effects of cold on the Spermaes
togenesis and on the interstitium appear clearly; the dwration of
the cold stress is shown in the progressive damage detectable between
the sharter and the langer exposure pericds,

Attention is called to Figures 10 and 1l, of an untreated colde
exposed subject (25 days)'; the damage appears significantly greater
than in a comparable subject after 50 days (Figures 18 amd 22), In
effect, the extent of spermatcgenic and interstitial damage admits
a wide rarge of variation; ftn'themcre s the photomicrographs sube
mitted were mds on specimens chosen at random and tle exact fields
shown were selected because of their phctogenicity rather than foo
their intrinsic features; this, we felt safe in cbtainirng an un-

blased group of remresentatives,

2) Effect of Zinc

Neitker at romm temperature, na in the cold, does any detec-
table sign distinguich the zinc-treated from the combrol subjects,.
These irmages are strictly histological and conwey no histochemical.
infarmtiong nsvertheless, any action of zinc, if present, fails to
reach the cbservable anatomical level,

¢
H
/
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DISCUSSION

Action of cold

No comment is offered other than the following statements the

stress response, general and testicular, occurs exactly in ths form
and at the level predictable from the previcus observatipns. Higto=
logical examination of the testes confirmed previous cbservations of
a severe damage grossly related to the duration of exposure, but
impossible to correlate with specific endoerine changes; thus, the
sex accessories remain the only reliable baramster of androgenio
activity,

Action of zine

No protection effect due to zinc treatment is anatomically
detectable, macroscopically or histologically, The systemic results

of cold exposure, body weight loss, stress responses, display no actien
due to zinc treatment, The damage to the germinal sequence is equally

severe and the regression of the accessories confirms equal damage to
the androgenic function of the testis, A tims check, at days 4 and 8,
failed to reveal any difference from the predictable course of events (24),

Thus, irrespective of possible metabolic events or biochemical
compensations, no effect due to zinc reaches the anatomical level;
perhaps, the massive disturbance due to severe cold cancels out normsl
adjustments and rrom the start, all homeostatic mechanisms bresk down
wder the onslaught of the extremsly severe‘ atress, It is not surprising

therefore, that adaptation to severe cold under the present conditions,
has proved almost impossible,
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Plate I, Effect of aral Zinc and cold on the testis
of the adult rat: duration of exposure;

17 days (Mallary trichrame),

125 X 500 X

Figwe 1, Figure 5, Comtrol at room temperature (209},
Figure 2, Figure 6, Expesed to cold (=5%),

Figure 3. Figure 7, Oral Zine at room temperature (209¢),
Figwre L., Figure 8, oral Zinc exposed to edld (~5%),



Plate 3, 1.
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Plate II, Effect of aral Zinc and cold on the testis
of the adult rat; duration of exposure:

25 days (Mallary trichrome),

25T s0x
Figwe 9, Figure 13, Cantrol at room temperature (20%),
Figare 10, Figure 1L, Exposed to cald (-59),

Figwre 11,  Figure 15, oral Zine at room temperature (20%),
Figwe 12, Figure 16, (ral Zine exposed to cald (-5%),
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Plate III, Effect of oral Zinc and cold on the testis
of the adult rat; duration of exposure:
20 days (Mallary trichrome).

w1 mox
Figwe 17, Figure 21, Cantrol at roan temperature (20%),
Figure 18, Figure 22, Exposed to cqld (~5%c),

Figure 19, Figwre 23, Oral Zinc at room temperature (20%),
Figwe 20, Figuwre 24, Oral Zinc exposed to cald (-5%),
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Chapter Foanr

THE EFFECT OF ADAPTATIGN ON THE RESPONSE (F THE
MALE GENITAL APPARATUS TO ACUTE EXP(SURE TO SEVERE CAD (»59C)
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The definition and signs of adaptation to cold have been
based on the maintenance of a certain steady level of behavioral,
metabolic and morphological characteristics in the animal exposed
to cold,

Spontaneous fseding and maintenance of body weight balance

(1) allowing temporary oscillation in loss or gain (2) seem to
offer the most directly observable information; indications of
steadiness come from constancy of colonic temperaturs and reduction
or absence of cold-induced surface injuries (3). Thus, in response
to cold stress, a period of resistance first appears, represented
by the loss of body weight and variability in survival, followed by
gain in body weight among the survivors said to be acclimatized,

when the body weight values have returned to the initial value at

the time of exposure (L); the process is evidently gradual and can
be visualized in the survival rates and body weight curves (5),
Adaptation is said to develop slowly, over a periocd of 5 to 6 weeks

at an experimental temperature of 1-39C, but is lost in a few days

after return to neutral temperature enviromment (6)s On a broad
conceptual base, animals may be considered adapted if as an individual
Or as a population, they are capabie of living exposed to climactic
conditions without artificial aids (7).

kdaptation is the result of a number of functional conditions

swmed up into "increased energy expenditure® or a "metabolic acclimation"

(8), made visible by maintenance of the body core temperature at a
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uniforn value (9)o A more systematic approach recognizes a difference
between the situation of the laboratory animal and that of the wild
animal in the outdoor climate, and the difference between the animal
and the human reactions, where the behavioral pattern becomes highly
significant (10, 11, 12),

"Acclimation" or preferably "conditioning to cold" would represent
the changes and adjustments in the subject exposed to cold under
laboratory conditions (artificially continuous); "Acclimatization®
would describe changes (mostly seasonal) in animals exposed to cold
in nature and "Adaptation” would include eventual genotypic modifica-
tions in species subjected to variations in the climatic environment
(13). Intermittent exposure to cold and continuous (laboratory)
exposure result in acclimation, but with a difference in degree (1L),
while wild rats do not display adaptive changes, indicating that the
outdoor winter conditions may not be particularly stressful (15),

Assuning that maintensnce of body weights, improved survival
rates and relative absence of cold injury are signs of some degree
of adaptation to contimuious (laboratory) exposure to moderate cold
2°C), we wished to know the morphological responss of the testicular

pparatus of the rat to exposure to severs cold (=50C) after a period
of presumed adaptaticn,




MATERIALS AND METHODS

Animals: group data were selected from other procedures and
special experimental groups set up and arranged according to the
norn of Table I, where the season of each test is given; the
population and the initial body weights (age) vary among the groups.
Exposure was carried out under the usual conditions: ventilated
cold rooms thermostatically controlled at 29C, illumination from
9100 a,m, to 5:00 p,m, and diet (Purina Lab chow and tap water) ad
libitum, Organ weights and microscopic examination provided the
desired criteria; frequent weighings and examination for signs of
cold injury were carried throughout the procedure,

Since we wished to obtain qualitative data on possible changes

in the trends zlready observed, the statistical evaluation was not
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carried beyond calculation of the standard error of the mean; valuss

obtained and differences observed were appreciated in relation to the

curves of chapter S,

RESULTS

Body weights (Table I)

The effect of moderate cold is taken from too few subjects to
¢rry actual significance; those values served as a check rather

than as an experimental category,
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The predictable loss in bedy weight due to severe cold (=59¢
without adaptation) appears as a function of duration, probably
independent of age; the terminal body weights of the adapted groups
display the usual difference between control and cold=exposed in
spite of the prosumed adaptation, Comparison of the initisl poste
adaptive and terminal body welghts among the cold-exposed shows

that adaptation was successfully accomplished, in that not only

the bedy weight did not £fall, but recovery and growth were well
marked, provided a sufficient period of time is allowed; the seascn
of the year did not seem to modify visibly the effects observed,

Thus, adaptation prevented the absolute fall in body weight consaquent
to exposure to severe cold, although the difference between controls
and exposed is within the predictable range,

Swvival rates (Table II)

- Survival rates display considerable variations; if the present
data are compared with other results, it will be noted that the
present 788 survival at 17 days of exposure (~5°C) is the upper
value of a wide range of observed survival rates; this may represent
8 seasonal effect, but one could infer safely that previous adaptation
(33 days at -200) 4mproved survival, since signs and symptoms of cald
injury were sclually reduced to a minimum,
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Organ weights (Table III)

Testes = the loss of weight even in the "adapted", varies with the
duration of exposure to severe cold; if referenée is made to the
prediction curves (Chapter 5), it will be seen that the observed
depression corresponds to the exact 'duration of exposure, irrespective
of adaptation, Examination of Table III also shows that exposure to
G causes a relatively small depression within the stated period

of tims,

Seminal vesicles = the same remark applies to the sex indicalors;

the observed depression is unaffected by the presumed adaptation
and falls in the expected range; furthermors, the weight dspressim

due to 2°C exposure is distinctly less marked,

Thymus - the weight depressicn appsars related to intensity of cold

r se, and adaptation does not seem to act protectively; the apparent
prot;ection of the longer period of adaptation is open to suspicion
since the adrenal response proves uniform among all groups.
Adrenals -~ the adrenal response is surprisingly uniform, irrespective
of the intensity or duration of the cold stress; the level of this

responss is within a narrow mergin of the predicted valus,
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MICRCGSC(PIC CBSERVATIGNS

A11 illustrations show crgans from the "adapted" groups
33 days at 29C and 1 days at =5%,

Testes (Figwes 1, 2, 13, 1h).

A certain degree of degeneration of the germinal tissue and
of the interstitium is visible; hawever, the tubular diamster is
greater than previously seen and sam tubules contain inbact sperms~
togenic sequences, This feature is particularly evident in comperison
with the considerable quiescernce of the cortralj qualitatively the
prescrt testis looks considerahly betier than expected,

Progtate (Figures 3, b, 15, 16)

These images display the classical regression of prestatic
epithelium, characteristic of severe dopression of androgenicity
almost to the level of the castrate,

Seminal vesicles (Figuwes 5, 6, 17, 18),

This picture of degeneration is less dramatic than that of the
prostate; this would be consistent with the belief of somp endocrino=-
logists that the vesicles possess a lover threshold of sensitivity
to androgens than tha prostate and thus would respond to 1merltitera
of male hamones,

Adrepals (Figures 7, 8, 19, 20).

A low m-gnification gives a complete view of the cartex; ths
hypertrophy here seen is identical with that oserved previqusly and
the adaptation pericd dees not seem o mske the adrenasl responss any

different from the response to acute exposurd.
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Thymas (Figures 9, 10, 21, 22). : r

The thymic lcbules of the comtrol shew nicely the contrast i’
between medulla and cortex: the cortex with its dustlike thymocytes
arranged al ong a vague retlcular background and the faintly steining

medulla with its scarce lymphocytes and prominent reticular stroma,
As often stated, no feature of its mismte structure suggests a glandue
lar furction, The cold=sxposed thymms retains its ldoular architec=
ture, but presemis a uniform strama where ane of the structural di-
visions has disappeared, prdoebly the medulla; no évidence is seen
of the Hassall's corpuscles said to represent adult shriwelling of
the redulla in the human gland, We do not know if this picture is
typical of the stress response and the significance of the changes:
loss of constituents or depletion of "product®? Once more, the elu~
‘siveness of the thymus remains inviclate,

Pitgitg (Figures 11, 12, 23, 24).

The pituitary cytology presents a hazardous field for the
uwary; in the cold-exposed subject, the optimistic ocbserver might
see an increase in the nunber of basophils ﬁth shapes strangsly
reminiscent of the castration "signet ring® cells, suggesting a
disturbance in gomadetropin production and/or release.
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DISCUSSION

Superficial as t.he-@e observations may be, more problems are :
posed than are resolved, The body weights, growth pattern and E
external appearance gave overy indication of some degree of acquired
resistance; howsver, functional criteria ssem to indicate that the

resistance 'does not extend to the reproductive apparatus, If the
adrenal response is assumed to be & sign of non-adaptation, then
the hypertrophy could be interpreted as a qualitative deficit of
cortical hormones which normally would favor acclimation, but cily ‘
as a sacond lins of defence (16); this would confirm the cautious
statement that puysiological adjustments reflscted in the morphology !
represent contimious varisbles of complex reactive origins (17) and
of different degrees of plasticity, Perhaps, the reccgnized pattern
(ice. the sum total of the adaptive responses by which the animal can
survive in the cold and maintain body temperature (18) where the
unacclimatised would go into hypothearmia (19)) does not tell the
camplete story of the endocrine respcnses, especially in' arees less
directly involved in the balance of energatic exchanges; such would
be ths reproductive apparatus where the functional level receives no
Protection consequent to adaptation,

Would these observations point to a dissociation between smatic }
and endocrine levels of activity, whare the purely endocrine control z
would be primary and the metsbolic factors secondary and subordinate?

Perhaps the concept of payeiological castration as ransom of the male

survival could shed light on the stress response of the testicular

apparatus (20), «‘
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Plate I, Effect of severe cold on the genital apparatus
of the "adapted” adult male rat (125 X Halley
trichrome),

Figae 1, Testis = comtrol at rocm temperature (20%),
Figre 2, Testis - exposed to cold (=5%%),

Figure 3, Vemtral prostate - eontrol (209),

Figure L, Ventral prostate o exposed to cdld (-5%),
Figure 5, Seminal vesicle - cantrol (20%),

Figwre 6, Sominal vesicle - exposed to cdld (-5%),
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Plate 4,1,
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Plate II, Effect of severs cald on some endoorirme organs of the
"adapted" adult mle rat (Mallery trichram Ye

Figue 7,
Figure 8.
Fipare 9,
Figure 10,
Figare 11,
~ Figure 12,

Adrensl - comtral at reom temperature (20C), 3
Adrenal - exposed to cold (=59c), 3z |
Thyms = catral (200C). 37x
Thymis = exposed to cold (-5%), 37z ‘
Pituitery = oantrql (200c), 500X

Pituitery - exposed to cold (-5}, soox
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Plate III,

Fig‘n'e 13,
Figure 1L,

Figure 15,
Figure 16,

Figtn‘e 170

Figure 18,

Effect of severe cold on the genital apparatus
of the "adspted” adult male rat (500 X - Mallery.
trichrom),

Tostis = control at room temperature (20%),
Testis - exposed to cold («5%),

Ventral prostate - control (20%),

Ventral prostate - exposed to cald (=5%),
Seminal wesicle = conmtrol (20%),

Seminal vesicle ~ exposed to cald (=59),
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Flate IV, Effeot of govere cold on some endeorine argans
of the "adapted" adult male rat (Madlcory trichroms),

' Figure 19, Adrenal - control at room temperature (20cp), 75%
Figure 20, Adremal . ®xposed to odld (=5¢C), 75x

Tlgue 2, Thymis = central (20%7), 75

Figwe 22, Thyms €xposed o cald (20%), 7sx

Tigwe 23, Pitaitary - cantrol (2000), 1250

Figure 2J;, Fituitary - exposed to cald (=5°C), 1260y
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Chapter Five

TIME SCHEDULE OF TESTICULAR DAMAGE INDUCED BY
SEVERE CALD {-5%)
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The degeneration of the testicular function induced by chronic
exposure to moderate cold {29C) can be duplicated im effect and
compressed in time if the temperaturs is lowered to =5%, Preceding
chapters contain data cotained at various time paints; if a dynamic
view is to be secured, a schedule shculd show the onset, development
and time-course of some of the cbserved characteristics. A procedwre
was designed combining two parameterss duration of exposure and
difference in the age of the animals, Since the large murber of
subjects precluded the use of litter mates, body weight was taken
as & reasonable criterion of age; thus, animals of the same average
body weight and reared under identical conditions, were assumed to
£all within a narrow margin of age. By sacrifice at shart tims inter-
vals, the observed changes cculd be referred to a time sequence and
trends verifisd,

MATERIALS AND METHMDS

A random group of male rats (Wistar Albino) was arranged
accerding to the narm of Table I; no treatwsnt was administered,
aly the usual 5 to 6-day quarantine preceded emtry into the cald,
The subjects were caged individually in air conditioned quarters
raintained at 209C + 19C umtil expositicm to cald (~5%C t 1%C);

vhe ad libitum diet consisted of Purina lab chow and tap water,
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Table I

Jan, 6 = Jan, 22 Jan, 31 -~ Feb, 23 May 30 » July L

20°C 2% 24 11
«5% 33 3» a
*

¢t Group population

The dates indicate the season during which the cold exposure
was accomplished; evidently, the animals represent three different
groups, but Figure 1 shows excellent contimuity of development bstween
the groups and permits the assumption that the subjects form a fairly
homogeneous population, The initial body weights (2ssumed to represent
the age) are different, so that a comparison of response in terms
of age could be obtained,

Every 2 days from the beginning of exposure, 2 controls and
3 cold-exposed were sacrificed and autopsied; since the data from
the casualties were almost always compatible with the autopsy data,
the figures were combined to represent that time-point, The results
were arranged in 2 different ways: thsl0-day intervals present the
pooled data in table form;- a curve equation (msthod of means) was

obtained from the individual 2-day values,
Aumgg data . The usual organ weights were obtainsd, total

cholesterol determinations were made on the testes and microscopio

sections of tostes from each 2~day grcup were prepared,

’
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Statistical treatment, All values were screened by means of the

Dixon test fr extremes; means are always quoted with the standard
error. Only the Student®s T teat was applied to control versus
cold-exposed for each 10-day point, Figures 2 and 3 wers obtained
as followsy the $§ difference bstween control and cold-exposed for
each 2-day point, was plotted against duration of exposurs as & plus
or a minus deviation from a baseline assumed to represent the control
value and by inspection the solid lins was traced, Welghted means
were obtained for the time points and the curve equations were
calculated; the mathematical functions were traced on cartesian
coordinates (broken line) on figures 2 and 3, Figure L shows the
same equations on a semi-logarithmic socale resulting in the usual
straight 1ines, For the sake of clarity, the clouds of individual
points are omitted and only the curves are shown in figures 2 and 3.
The curves are made to start at the origin although data for an
exposure period of less than 2 days are not sufficiently relisble;

figure | leaves blank this uncertain area, The dotted circles repre-
sent loci of data to be discussed in the next chapter.

RESULTS

Body weights (Table II, Figuresl, 3 and L).

The depression of the body weights is fairly similar in all
age groups; it appears independent of age and related only to the
duration of exposurs, A minimal dispersion of individusl points

shows continuity in the tims development ot the overall body weight
depression,

s
5
k]
H
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Table II

§

!
b
i
!

f
.
L
.
.
[
1

i

Body weights

Tims of experimsnt

Jan, 6 to Jan, 22 Jan, 31 to Feb, 23 May 30 to July L

Initial
009C  218.L + 2.8 (22)2  262.L £ 2,5 (24)  373.6 * Lok (35) |
50 o3 £ 2,14 (33) 260,1 £ 2,3 () 338,2 % 8,2 (21) ;
59C 21763 ( 2% (36)3
Terminal 0 to 10 days
209 2u3.6 £ 7.3 (10) 293, 2 6,7 (12) 3913 2 10,3 (3)
$0C  195,3 % bls (18) 238,3 2 5.6 (19)  28keS 2 16,1 (L)
~20% (28) ~19% (31) ~27% (7)
11 to 20 days
20°C 290,86 ¢ 5,0 (12) 3315 £ 5.4 (12)  L19.2 % 8,1 (6)
596 199,5 % L8 (15) 226,3 2 5.7 (19)  295.6 £ 8,2 (7)
-8 (21) ~328 (27) ~29% (13)
21 to 30 days
2006 —— I 408,2 £ 6,1 (6)
500 ——— N 2US.L = 3.6 (8)
~LOE (1)
1y Standard error of the mean ! P < 0,001

2; Croup population
31 Aggregats population
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Grovth curves (Figure 1), Samples of growth curves after smoothing
out of daily variations, display uniform rates of growth for the
various groups; this semislogarithmic pattern is familiar to all
experinenters cegnisant of the age-wsight relationship in the rat,
The survival rates show the usual dependency upon the duration of
exposure and do not appreciadbly differ from the values quoted pre=
viously, 1.6, & 50% mortality is attained at approximately 18 days,

Organ weights and othsr data,

Testes (Table ITI, Figures 2 and L), The changes in testes weight

follow a gradual pattern, where loss becomes proportional to the
duration of exposure and parallels the loss in body weight,
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Table III

Testos
(weight in grams)

Time of experiment

Jan, 6 to Jan, 22 Jan, 31 to Feb, 23  May 30 to July b

0 to 10 days

2000 2,78 * 0,081 (10)2 3,09 # 0,03 (12) 3,29 % 0,10 (3)
590 2,58 % 0,06 (18) 2,73 & 0,07 (19) 2,97 % 0,20 (L)
=10¢ (28)3 =128 (31) =10% (7)

11 to 20 days

200C 3,09 t 0,07 (12) 3,21 £ 0,09 (12) 3027 2 0,03 (5)
500 2,47 £ 0,07 (15) 2,40 % 0,20 (15) 2,67 % 0,02 (8)

208 (27) -25% (27) -1 (13)
21 to 30 days
«59¢C . e 2,66 t 0,11 (10)
-17% (1L)
1; Standard error of the mean _.1 P<0.05
2: Group population __t p<001
3: Aggregate population ! P < 0,001

The total testis cholestercl (Table IV, Figures 2' and L), shows

considerable dispersion; nevertheless, relative increased production

appears fairly evident in relation to the ‘duration of exposure; worthy
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of note is the delay in the theoretical induotion of the increased

production, The slight variation dus to age reported in the previous

chapter cen also be observed here,

Taeble IV

Total testis cholesterol
(ng ¢ enms wet tisgue)

Tims of experimsnt

Jan, 6 to Jan, 22

Jan, 31 to Feb, 23

May 30 to July Lk

0 to 10 days
20°% 150,3 £ 7,31 (20)2 12,3 £ 6.3 (32)  126,5 % 5.3 (3)
<590 163,1 £ 3,9 (17)  15kel # 7.7 (19) 137.6 ¢ 11,2 (L)
488 (21)3 «18¢ (31) +8% (7)
11 to 20 days
2000 1Lke6 £ 6.9 (12)  1ule8 2 6oL (12) 17,7 % 1Sk (6)
500 155,86 £ 5.3 (15) 1799 % To7 (35) 169,2 = 15,6 (8)
+TE (27) +19% (27) +12% (1L)
2l to 30 days
20°¢c o omcvevry 117,k = 0,8 (2)
59¢ o —ne 130,2 £ 13,k (L)
+10%8 (6)
1 Standard error of ths mean t p < 0,0L

2 Group population
3t Aggregate population




the duration of exposure, irrespective of age;

the trend eventuslly levels off,

Table V
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Sexual accessories (Tables V and VI = Figures 2 ,and L), .

The depression in the weizht of these organs is proportional to
worthy of note is
the fact that this depression is far below the level observed in

the depression of the body weights and of the testes weight. The
onset is precipitous and identical in the prostate and the vesicles;

Prostate
(weight in grams)

Tine of experiment

Jan, 6 to Jan, 22 Jan, 31 to Feb, 23

May 30 to July L

0 to 10 days

200 0,2 = 0,03% (10)2 0,40 = 0,02 (12) 0,55 + 0,05 (3)
‘w500 0,1k £ 0,01 (17) 0,28 = 0.02 (19) 0.1 = 0,03 (L)
b2t (21)3 =308 (31) -25% (7)
1 to 20 days
20°¢ Q.1 % 0,02 (12)  O.k3 % 0,02 (12) 0,50 % 0,0L (6)
59 0,16 £ 0,01 (15) 0,23 * 0,02 (15) 0,32 + 0,02 (8)
-51%  (27) 7% (e1) =363 (14)
¢l to 30 days
200¢ — — 0,57 % 0,08 (6)
~50¢ S — 0,20 £ 0,03 (10)
&1 08)
1: Standard error of the mean _ _3’ p < 0,05
2 Group population __t P<0,01
3t Aggregate popwlation 1 p < 0,002
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Table VI

Somineal vesiolen
(welight in grams)

Time of experiment

Jan, 6 to Jan, 22 Jan, 31 to Feb, 23 May 30 to July L

i
!
i
|
i

0 to 10 days

0,45 * 0,02 (12)
0,30 2 0,02 (19)

0,64 2 0,08 (3)
0.15 £ 0,03 (L)

209 0,29 % 0,051 (9)2
«59C 0,15 = 0,01 (18)

488 (27)3 ~35% (31) =308 (7)
11 to 20 days .
2000 0,46 t 0,02 (12)  O,L6 £ 0,02 (12) 0,63 % 0,03 (6)
500 0,17 £ 0,02 (18)  Op2h £ 0,02 (1S) 0,39 ¢ 0,03 (8)
5% (21) 8% (21) 388 (1)
2l to 30 days
20°¢C aveeans commmes 0,60 £ 0,0L (6)
5o — — 0,28 £ 0,01 (10)
.ﬁ (16)
1: Standard error of ths mean _ 1 P<0,0
2; Group population ¢ p < 0,00
3t Aggregate population - ’
t P < 0,000

Stress indicators,

hdrenals (Table VII, Figures 3 and L), In spite of considerable
dispersion, a continuity can be observed in the level of the adrensl

responss to the duration of the cold exposure,
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Table VII

Adrenals
(weight in milligrams)

Time of experiment

Jan, 6 to Jan, 22 Jan, 31 to Feb, 23 May 30 to July L

0 to 10 days
209 36,7 £ Lo6F (9)2 3Tl t Lok {12)  h3el 2.5 (3)
500 U656 t 2,2 (18) 48,1 = 1,3 (19) 52,1 £ 3,9 (L)
+28 (273 +23% (31) 7% (1)
11 to 20 days
209 38,9 £ 1.1 (12) Lle7 £ 1.2 (12) U3.1 = 0,9 (6)
500 52,2 £ 2,0 (15) 5544 £ 1,6 (15) 5508 = 1,9 (8)
+25%  (27) R 1. (27) +33§ (k)
2l to 30 days
200¢ ——— . L6el % 2,6 (6)
..500 N, romecn os % 2,7 (10)
+29% (16)
1: Standard error of the mean %t p<001
2: Group popwlation + p < 0,001
3: Aggregate population e

Thymus (Table VIII, Figures '3 and L), The thymus shows dispersion
in the later stages of the curve, but the early response is uniformly

precipitous irrespsctive of age; the trend levels off eventually.
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Table VIII {

Thyrus
(weight in grams)

T™Mme of experiment

Jan, 6 to Jan, 22 Jan, 31 to Feb, 23

May 30 to July L

0 to 10 days
2000  0oL0 £ 0,04L (10)2 0,40 2 0,03 (12)  0a53 * 0,02 (3)
«50C  0,2C £ 0,02 (18) 0,19 2 0,02 (19) 0016 £ 0,02 (L)
50% (283 52 (31) =108 (7)
11 to 20 days
2000 0,38 £ 0,02 (11)  O.Ll # 0,02 (12)  O,L8 2 0,06 (6)
50C 0.1k £ 0,01 '(15) 0,11 % 0,0L (15) 0,10 % 0,02 (8)
~63% (26) -13 (21) -1_9% (1)
21 to 30 days
ensnae commcosm 0.5 = 0,04 (6)
Eg?c SR U 0,10 £ 0,02 (10)
.ﬁ (16)
1; Standard error of the mean ! P < 0,000
23

Group population
31 Aggregate population

Kiscellaneous data,

Pituitary (Table IX, Figures 3 and L).

reveal some continuity in the weight depression;

These data, few in number,
the supsrficial
observer could perhaps see the definite relationehip displayed op=-

timistically in Figure L.
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Table IX

Pituitary ’
(veight in milligrams)

Time of experiment

Jan, 6 to Jan, 22 Jan, 31 to Feb, 23 May 30 to July L

0 to 10 days
2000 aamaned 905 : 0031 (12)2 1oeh z 0.5 (3)
-500 Shamsmen 809 S 002 (18) 8»7 z 0-5 (’4)
- -6 (30)3 =163 (1)
11 to 20 days
20°C 9.8 £ 0,1 (3) 210k £ 0,3 (12) 1147 2 0.3 (5)
SO0 7.9 % 0,3 (2) 8,0 £ 0,3 (35) 9,7 £ 0,3 (8)
«19% (S) <268 (27) -17% (13)
o===2 L ==
21 to 30 days
QQOC wwm - 11.2 z 0.8 (6)
-59¢C c——— — 902 + O,k (10)
188 (16)
1; Standard error of the mean __t P <00
?: Group population
o1 Aggregate population ot P < 0,001

Liver and lungs (Table X), The lungs remain essentially unchangeds

the liver seems to suffer a temporary depression, followed by a

tendency to return to normal,
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Table X
Liver ‘ Lungs
(weight in grams (weight in grams)

Time of experiment: May 30 to July L

0 to 10 days
209C 12,6 & 0,0% (3)? 1,52 & 0,10 (3)
«5°C 1lkh 2 0,6 (L) 1,37 £ 0,02 (3)
-5 _ (13 -1 (6)
11 to 20 days
209C 15,4 £ 0,6 (6) 1,50 £ 0,09 (6)
-59¢ 11,7 £ 0,7 (8) 1,49 % 0,03 (8)
«2% (k) «1% (L)
21 to 30 days
20°C 15,8 = 0,6 (6) 115 + 0,05 (6)
=500 13,4 £ 0,7 (10) 1.36 % 0,0L (7)
-15¢ (16) «5% (13)
1; Standard error of the msan _ 1 P<00
2; Group population
3: Aggregate population —t p<00L

Water contents (Table XI)e The constancy of organ composition

insofar as it is indicated by water contents, rasists duration of

exposure, irrespective of age.

i
il
|
!
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Microscopic observations, Exemination of slides of testes from each

of the 2-day stages with the avowed bias of finding specific progressive
changes, did not yield more than was reported in the previous chaplers;
alterations to the germinal sequence became observable at approximately
8 days, but admlt considerable variation in the time of onset and extent
of damage, Evaluation of the modifications to the interstitial spaces
proved once mors, unrelisble, debatable and diagnostically inconclusive.

The clumping of the spermtids, evidently a degensrative featurs,
could perhaps be analogized to the Hassall's corpuscles of the aging
thymus and to the ngpithelial pearls” of skins carcinamas,
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DISCUSSION

1, The How and the Why of the curves (Figures 2, 3 and b)eo

Various methods were tried of expressing in a consistent form
the results of the present investigation, Plots were made of absolute
values of controls and cold-exposed against such paramsters as season
of the year and body weights (initial or terminal); the use of these
independent variables proved unsatisfactorye From inspaction of the
data, the duration of exposure, irrespective of age or season, saemed
to possess reasonable continuity; the § difference between control
and experimental was therefore plotted against duration of exposure
and yielded a mors logical distribution of points,

The calculated curve (broken line) coincided rather well with
the curve drawn from a strictly visual inspection (solid line), where
the french curve is made to follow the largest concentration of points
(Figures 2 and 3), The tracings resulting from this treatment permitted
evaluation of the data from the present and from the preceding procedures.
We did not feel justified in pressing further such congenitally imprecise
data; indeed, the aim was not the measure of the variability of the
response (deviation of values from calculated curve), but to find some
form of expression of the basic trend in the response, Although pro-
visional and qualitative, these curves served as a basis of comparison

whereby the overall response could be broken down into potential components,

2, Effect of severe cold on the soma, The emaciation observed engeges

at various degrees the different tissues of the body; this overall
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deteriaration represents the plastic components only and approaches a
1init made up of ths indestructible structures of the body. Indeed,
under severe cold, only a few sturdy individuals survive and adaptation
may well be considered mar to impessidle, The body weight depressicn
appears as a functicn of duration of the cald stress, provably indspen-
dont of age and season; the statistical significance appears at 16 days,

3, Effect of severe cold on the testis, Cbssrvatiomns on the weight

depression of the testes (significant at 12 days), tend to show pro-
portionality with body weight losses; thus, teatis weight could perhaps
be considered as a scmatic property as would be the weight characteristics
of the pituitary (change significant at 18 days). Other data lead us to
suspect that the young testis may be more sensitive to cold than the
clder argan; the difference might be mare apparent because of the mare
rapid rate of growth in the younger organism, Reliable data on ths
functionsl changes of the endocrine testis must therefore come from
dther criteria, such as the changes in the sexual accessories.

The weight changes in ths accessaries are definitely out of
propartion with the somatic modifications and thus appear to relate
in great part to the level of exdocrime activity of ths testis. The
more sensitive prostate displays significent depressica after 6 days
of exposure and the seminal vesicles afier 10 days. Therefcre, the
charges in ths accessories would be dus in part to somtic alterations

and in part to trus endoorins hypofunstione
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Assuming that total testis cholesterol 18 an index of androgenic
activity, the observer could provisionally see an inverse proportiona~
1ity between testis function and cholestercl contents, confirming the

significant depression of endocrine activity of the testls,

L, Effect of severe cold on the Stress indicators, The adrenals

react by an increase in weight confirmed by hypertrophy and hyperplasia,
visible especially in the fagcioulata; this response is proportional
to the duration of exposure and within our conditions, independent of
age, The relatively long intervals do not show the effect of the
initial hours following entry into the cold, nor the possible periodicity
of function, Previous observations have shown that after 1 hour at =59,
the adrenal weight drops (5% but significant); later, the weight increeses
gradually with sporadic significance (significant at 9 and 36 hours; not
significant at 12, 24 and 72 hours). This suggests that the story of
the stressed adrenal is far more complex than the present results would
show and that soms period of oscillation may precede the gross and
massive response which becomes significant at L days; furthermore,
the adrenal androgens may well become 2 significant factor in the
economy of the organism under stress.

Thymolysis, significant at 7 days, appears dependent upon the
duration of stress rather then on age; howsver, the younger animal
shows earlier and more marked thymolysis. This reduction in thymus
weight is out of propertion with the somatic changes, develops preci-

pitously in the early period of the stress response, arguing in favor
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¢ the indicator function of the thyms relative to sdrenal funstien,

CONCLUSIOGNS

In view of the present resulls, certain conclusions can be
provisionally acceptede

1, The somatic changes dus to cold (emaciation) are directly
proportional to the auration of stress, rather than to ages these
somtic changes are limited by the very structure of ths bedye

2, The weight depression of & pripary endocrins organ, @.ge. testis,
pituitary, is not per se a relisble criterion of functional depression,
since the weight less is in the sams order of values as the zcmtic
depression,

3, The stress response of ths adrenal is unrelated to age, but
appears proporticnal to the duration of stress, at a given value of
stress intensity and within a reasecnable age range.

L. The weight dspression of secondary endocrine argans, sexual
accessories and thymus, is a valid indicator of functianal changes in
the primary organ; this indicator valus lies in the magnitude of the
weight change beyond scmatic effects.

5. The overall changes cbserved im the endocrine indicaters (sexual
sccessaries and thymus) consist of 2 components: somtic, related to
mtabalic glterations engaging the whole organism and specifio, consequant
to changes in the functional lewvel of the primary organe

6. The morphclogical changss are valid indicators of functicnal
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changes due %o stress only insofar as experinental 18 opposed to
control under jdentical conditions of age, season and treatmente
7. Age per se does not seem to alter qua.litatively the stress
responses within the present range no effect could be detected,
8, Although provisicnal the present observations give a fairly
consistent plcture of enatomdcal and functional reaction of the
testicular function to severs cold; further experimentation will

elucidate the components of this complex responace.
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Figure 5,1.
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Figure 5, 4.
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Plate I, Effect of the duration of exposure to severe
cold on the testis of the adult rat (125 X .
Mallery trichraom).

Figure 1, 5 days - comtrol at room temperature (20%),
Figure 2, 5 days - expesed to cald (=5°),

Figure 3. 10 days - control (20%),

- Figure 4, 10 days - exposed to cald (-5%),

Figure 5. 15 days - cantral (20%).

F;g\n-e 6. 15 days - exposed to cold (-5<c),
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Plate §5,1.
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Plate II, Effect of the duration of exposurs to severs

cold on the testis of the adult rat (125 X -
Mallory trichrams).

Figwre 7, 20 days - control at room temperature (20<),
Figure 8. 20 days - exposed to cald (=5C),

Figure 9, 25 days - control (20%),

Figure 10, 25 days - exposed to cald (=5%).

Figure 11, 30 days = cortrol (209c),

Figure 12, 30 days - exposed to cald (=5%),
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Plate 5,11,
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Plate III, Effect of the dwation of eéxpesure to
severe cold on the testis of the adulg
rat (500 X - Mallay trichram),

Figwe 13, 5 days - catral at room temperature (209g),
Figure 14, 5 days . exposed to cald (-50),
Figure 15, 10 days « conmtrol (20%),
Figure 16, 10 days - exposed to cold (-59%),
Figuwe 17, 15 days cantrel (209,
, Figure 18, 15 days - exposed to cold («5%),
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Plate IV, Effect of the auration of ey osure to severe cold
an the testis of the adult rat (500 X « Mallery

tric}lrm )o

Figwe 19, 20 days - control at roam temperature (20¢c),
Figure 20, 20 days - exposed to cold (=59),

Figure 21, 25 days - control (20%),

Figuwe 22, 25 days - exposed to cold (=-5%),
Figure 23, 30 days ~ contrel (20g),

Figure 2, 30 days - exposed to cold (~5%),
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Plate &5, IV,
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Chapter Six

THE SQMATIC EFFECTS (¥ CALD AND THE ENDOCRINE TESTIS
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In order to evaluate the significance of the weight changes

in the testicular apparatus as a criterion of function, the following
assumption was made, The alterations concomitant with general
emaciation and consequent to cold exposure may be due to two different
sets of conditions:

1) somatic, representing changes associated with nutritional
factors which result in metabolic imbalance and eventually inanition.

2) endocrine, representing changes in function not essentially
associated with the overall economy and therefore ascribable to
cold per se, In other words, if the dietary intake was the only
variable, a study of the modifications in the testicular apparatus
associated with the level of nutrition, could perhaps be made; thus
the pure scmatic component of the testicular degeneration could be

expressed as the "body weight - organ weight" relationship which

obtains in the process of growth and maintenance, This view was
strenghtened by the occasional observation of signs of typical
avitaminoses as part of the cold-injury syndrome, Attractive as
it was, this assumption was evidently oversimplified, as purely
nutritional states may cause distinct endocrine changes,

A protein-free diet in sexually irmature rats results in
regression of the reproductive tract and prevents the onset of
spernatogenesis;  this effect is reversed by protein feeding, but
SPermatogenic maturation and androgenic release do not follow the same

pattern of regeneration, as the accessories recover only partially .
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on the other hand, hormone action on body growth is a recognized

fact: testosterone propionate above physiological level and over

a prolonged period, inhibits body weight gains and affects diversely.
the food intake (2). Adrenalectomized rats, even supported by saline,
fail to grow, presumably because of a reduced food intake rather than
vecause of a depressed STH contents in the pituitary; the growth is
restored by corticosterone and DOCA (3)e The adrenals in thiamine-

deficient mice display hypertrophy and respond to ACTH, but not to

acute exposure to severe cold (i). Body growth is known to be de~
pendent upon vitamin action with limited influence of the hormones;
however, the development of the genital apparatus seems to require a
synergism, where the hormones loose effectiveness in the absence of
the vitamins (5)e

Referring specifically to genital development and fertility,
reduced dietary intake and specific protein deficiency have been
shown to retard prostate development, even in the presence of a daily
dose of 2 mg of testosterone (6); this confirms the observation that
dietary restriction or nutritional deficiencies do affect normal fer-
tility (7). The depression of spermatogenesis during and after a
severe allergic reaction, associated with antigen-antibody complex,
shows a nomn-specific response of the testes to various traumatic
states (8), Ethionine damage to the interstitial tissue is antagonized
by testosterone, pointing to an endo-morphological response (9, 10).
A cytological picture of hypofunction is seen in the pituitary accompanied

by typical atrophy of testes and accessories, in the absence of dietary
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protein (11)e

v
i
x
3
id
&
F
it
i
P
g

Extensive studies of the effect of vitamin deficiencies (12)
on the evolution of the sex organs yielded significant information
on the separation belween the direct effect of the deficiency and
the unspecific effect of chronic inanition on the two functions of

the genital apparatus (13, 1h, 15)s Indeed, any action on the sex

apparatus may imply (separately or simultaneously, with various
degrees of potentiation or interference) metabolic alterations,
reduction in the synthesis of sex hormones, disturbance in the hypo-
physeal relay and interference with the hepatic metabolizat;ion of
steroids; thus, the sex apparatus has been shown to be sensitive to
mitritional dysbalance as well as to specific avitaminoses (16, 17,
18, 19),

Tne latter studies were conducted under the following experimental
design: three groups were formed: 1) ad libitum feeding, 2) deficient
diet, 3) diet complete in all factors, but equal in amount and caloric
value with the actual quantities ingested by the deficient animals,
This experimental arrangement inspired our own design: 2 reduced

intake of a balanced diet would permit adjustment of the body weights

to the rate and level of loss typical of the cold-exposed animals;

by maintaining this level of body weight during a period corparable
to the duration of the exposure to cold, it might become possible to
relate the effects observed in the testicular apparatus to purely

somatic conditions,



MATERIALS AND METHODS

A group of male rats (Wistar Albino) was arranged according

to the norm of Table I.

Table I

Distribution of animals

Restricted Diet (R)
Normal diet (N)

18 days 32 days

Absolute controls (O) Yo (ak)* RO (30) —e—

Sham-operated (1) A (20) — Ra (10)
Treated castrates (B) NB (10) — RB (15)
Untreated castrates (G) NC (10) o RC (16)

1, Group population

ifter the usual L to S~day quarantine, the animals were grouped and
“starvation® began, Just enough chow pellets were made available to
induce a loss of body weight at a rate similar to that observed in
the cold; maintenance of the body weight at the desired level was
obtained by empirically adjusting the amount of food to the daily
veighings,

On days 7 and 8, 51 animals were castrated by abdominal approach

and 20 wera sham-operated; two days of normal feeding were allowed

194
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to help recovery before resumption of the restricted diet, The
absolute controls were introduced later, so that their terminal
body weight would be similar to that of the normally fed subjects
(Figure 1), Testosterone treatment consisted of a single intrams-
cular injection of 2 mg of Perandren Cristoules {Testosterone
Propionate = Ciba) in O.5cc of saline, administered 7 days after
surgery, Purina lab chow (pellets) was offered ad libitum to the
"Normel Diet" groups and controlled (as described above) to the
"Restricted Diet" group; tap water was ad libitum for all groups,
The animals were caged individually in air-conditioned quarters
maintained at 20 - 22°C and illuminated naturally; the procedure

was terminated after the durations indicated: 18 days and 32 days
of restricted feeding, .

S P - ks e

UL
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RESULTS

gody weights (Table 11)
The intent of the procedure was to restrict the food intake
and obtain a reduction in bedy weights, at a rate and level approx-

jmately equal to the values observed in the cold-exposed animals;

Pable ILand Figure 1 show that the attempt proved successful, No
difference, due to castration and/or therapy is observable, showing
that the weight control was fully effective; Figure 1 algso shows
that the calculated synchronization of the absolute controls was

correct,
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Table I1

Body weights (grams)
[Prior to diet restriction: 265, & 2,0 (115)]

Groups Pre-surgical Terminal Duration
Absolute controls m
Normal diet (¥0) ———— 335,1 = 4,8 (1) 18 deys
Restricted diet (RO) —e-- 23703 * 1,0 (30) '”

g

Sham-operated ]

Normal diet  (HA)  20L.0 £ 5,8L (1002 3h9.1 2 8.5 (9) 45 40
Restricted diet (RA)  2Lk.9 * 3.3 (10) 228,k £ 8,9 (9)
-15% (20)3 -31% (18)

Treated castrates
Normal diet (NB) 290,9 % 50,2 (10) 3hbols % 8,3 (9) 32 days
Restricted diet (RB)  2l5e3 * 3.2 (15) 22L,5 £ 5,3 (15)
-15%  (25) -35% (2L)

Untreated castrates

Normal diet (xe) 289,9 * 5.2 (10) 332,5 * 11,0 (10)
Restricted diet (RC) 2L3.9 £ 3.3 (16; 228,6 ¢ BIﬁh 516) 32 days

1535 (26 26)

1. standard error of the msan., . oot D < 0,001

2: Group population

3: Aggregate population

Analysis of variance - summary
Effect of treatment Effect of diet Interaction

5 restriction
fre-surgical body weights NeSa 4t = 12,7 p < 0,001 NoSe

m

serninal body weights ¥.S. t s Ul p < 0,001 NeSe
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Organ weights
testes (Table IIT)
: .
The observed weight depression displays a difference ascribable
to dietary restriction; although not significant and within the

range of physiclogicel variation, this difference due to tims (=B%) proves

interesting (Control - 18 days versus Sham - 32 days)e

Table 11X

Testes
(weight in grams)

Restricted diet (R)

Groups
Normal diet (N) 18 days 32 days Difference
fhsolute controls (0) 3428 0,081 (14)2 3,15 * 0,05 (30) memrmee - 5% (Lk)3
Sham~operated (4) 3.49 £ 0,09 (9) — 2,89 = 0,08 (8) '1-___7;%___, @an
1; Standard error of the mean, wm® P < 0,001

2; Group populatione
3: Aggregate populaticm.

Analysis of variance

Source of variance d.fe S.S. M,S. Fobs,

2ffect of surgery 1 0,0112 - 0o14 N.S.

Zffect of diet restriction 1 1.5212 -— 19.33 * %

Interaction 1 0,9202 v 11,69 * %
Zrror 58 h.565 000787

ffect of diet restriction: ¢ = L.6L p < 0,001
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Sexual accessories (Tables IV and V)

The effect of castration and of tﬁerapeutic replacenent buffers
the overall eValua't:ion of the effect of dietary restriction; however,
the sensitivity of the accessories displays a fine diseriminating
response to the level of androgenic factors. Speci.fically, the
testosterone treatment obliterates completely the effect of reduced
dietary intake which shows markedly among the untreated castrates,

The effect of diet restriction is remarkably uniform between
prostate and vesicles and associated with duration of the starvation
diet,

A curious sparing effect appears in the prostate of the castrate (RB)
under starvation; granted that the prostate is more responsive than
the vesicles to the titer of circulating androgens, this #"improvement"
of the prostate and of the vesicles (to a lesser degree) in the stax;ved

treated castrate proved unexpected,

i
;
i
¢
P
i
i
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Table IV

Prostate
(weight in grams)

Restricted diet (R)

Groups” Normal diet (N) Difference
18 days 32 days
jusolute controls (O) OoLl * 0,02+ (1L)2 0,33 * 0,03 (30) —— ~25% (UJ)B
Shameoperated (A) 0,60 = 0,03 (9) R 0o33 * 0,03 (9) "’45.._...__5 (18)
Treated castrates  (B) 0,17 % 0,02 (%) oo 0,30 % 0,0h (15) +@ (2k)
intreated castrates (C) 0,08 & 0,009 {10) ———— 0,06 * 0,006 (16) 2% (26)
1; Standard error of the mean,- __t p<001 |
2, Group population . |
3; Aggregate population, ==t P <000 !
l
Analysis of variance
Source of variance dofe S.S. M.S, Fobs,
Effect of treatment 3 2,077 06692 11,94 * %
Effect of diet restriction 1 0,086 — 14,89 * 3
Interaction 3 0.1435 0,145 241,98 * %
Zrror 105 0,607 0,005
Effect of treatments 0 A B C_

Effect of dict restriction: +© = 189 P > 0.05 N.S.
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Table V

v

Seminal vesicles
{weight in grams)

Restricted diet (R)

Groups Normal diet (N) Difference
18 days 32 days
ibsolute control (0) 0,57 = 0,02+ (lb)2 Ooll = 0,01 (30) —— -ﬁ (U-L)B
shan-operated (A) 0,60 * C.02 (9) - 0035 2 0,02 (9) =L2% (18)
Treated castrates  (B) 0,25 % 0,01 {9) S " 0,31 % 0,03 {(15) -*}_9_‘/'5;‘(21&)
Untreated castrates (C) 0,13 % 0,01 (10) ——— 0,11  0,0L (16) =~15% (26}
1; Standard error of the mean, - _ 2 p<00 |
2. Group population. __t P<0,0L
3: Aggregate population. i P< 0,00L i

Analysis of warlance

Source of variance dof, €S, M.S. Fobs,
Effect of treatment 3 2,569 0,856  17L.3 * %
ffect of diet restriction 1 0,195 - 39,0 * %
interaction 3 0,156 0,052 10,14 % %
Error 104 0,520 0,005
=ffect of treatment: 0O A B c

2ffcet of diet restriction: t = 1,16 p > 0,20 NeSe
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Adrenals (Table VI)

The ferdnization effect of castration is reversed by testosterons
treatment among the normally fed animals; dietary restriction cancels
the hypertrophy in the castrate and prevents any testosterone effecto-

The overall adrenal response showa that: 1) surgery proved in
no way stressful, and 2) dietary restriction decreases the adrenal

weight instead of imducing a stress response of hypertrophy,
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Table VI

Adrenal glands
(weight in milligrams)

Restricted diet (R) :
Groups Normal diet (N) Difference .

r
18 days 32 days i
bsolute controls (0) 52,5 1,6% (1L)2 LhL = 1.8 {30) ——— -15% (bk)3
Shermoperated (A) 50,8 £ 2,1 (9) - 39,9 ¢ 1.8 (9) ~217% (18)
Treated castrates (B) 52,2 = 1,6 (9) ——— 42,5 £ 1,9 (25) "ﬁ (2h) l
Tatreated castrates (C) 60,0 * 3,5 (10) ——— 42,8 * 0,8 (13) ~29% (23)
l: Standard error of the mean, - __t P<0.05 §
2: Group population . p< 0,01 ‘
3: Aggregate population - i
mg p < 0.001 3
Analysis of variance
Source of variance d.f, SeS, M.S. Fobs,
Iffect of treatment 3 431,8 13,9 2,34 N.S,
Iffect of diet restriction 1 3L0L,2 - 55ek * 3
Interaction 3 37 8. é 1260 2 201 N.S,
Error 101 6203,7 61l L

Effect of diet restriction: t = 6,90 p < 0,00L
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DISCUSSION

§
.
e
by
b

1) Effect of physiological conditionm,

Once more, we observe that the body weight is not visibly
affected by the physiological status created by castration with

or without treatment, The changes in the sex accessories due to

castration are well known and the effect of a low grade of replace=
ment therapy proves effective in bringing these accessories to some

minirnal level of regeneration,

2) Effect of dietary restriction,

The initial asswmption implied that if a value of body weight
equivalent in rate and in level to that observed after cold exposure
was obtained, the magnitude of the "somatic" effects of cold could
verhaps be evaluated; we liké to think that dietary restriction
renders possible a discussion of this aspect .of the response to cold,
Some remarks are suggested by the present observations:

1, Two periods of starvation were selected to conform with time
intervals already utilized; holding back the body weight and the
growth process simulates the situation caused by cold where duration
of the stress induces effects of similar amplitude,

2. The loss of weight in any of the measured organs seems to be
characteristic of that orgar, proportional but not equal to the loss
ol body weipht,

3, The dichotomy “control-experimental" cancels out the strain

or season effect and places the subjects on & direct comparative




205

L. The situation created by dietary restriction does not elicit

i
Yoo

in the adrenal a stress response; one could infer that the adrenal
js not to a significant level, engaged endocrinologically, However,
the cancellation by dietary restriction of the feminization of the

adrenal in the castrate, although not statistically significant, is

disturbing,
5, The sex accessories respond to the physiological status of

castration (with or without treatment) in the typical manmer: that
of a secondary sex organ and a functional indicator of activity in
the primary organ; this response is unafi‘ectéd by dietary restriction
within the starved groups, However, in thz rg:;ggaw an unexpected
elevation of accessory weight (not significant, but amazingly uniform)
appears due to dietary restriction,Isthis difference caused by the
anabolic action of therapeutic testosterone and resulting in a
tsparing" effect? Is there an influence of adrenal androgens on
the accessories?

The second possibility seems unlikely; indeed, the adrenals
would appear rather hypofunctional,the situation being unstressful
and the feminization of the gland absent, Even admitting that the
threshold of the prostatic response to circulating androgens is lower
then that of the vesicles, the two indicators respond in the same
direction pointing to a curiocus sparing effect of a potent anabclic
arent,

In any event, the pattern of weight depression in the testicular

apparatus gives a fairly consistent picture: the loss in the primary
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organ is moderate, but related to duration of the dietary restriction;
the loss in the sexual accessories is in the same order of magnitude
as the loss in body weight due to dietary restriction, Furthermore,
this response in the sexual accessories is cancelled by application
of testosterone, showing that the endocrine reaction is distinet and
dissociated from the "somatic! response,
If the weight depressions cbserved in the present procedure
are plotted on the curves given in Chapter 5 (Figure L) the follcwing

balance sheet results:

Table VII

¢ difference between "Control versus experimental’

Restricted Overall effect Difference
diet of cold (cold minus starvation)
{from theoretical
curves)
Body weight 18 4, ~29% -32% ———
32 4, ~3L% -36% ————
Testes weight 18 d, - 5% -2L5 ~19%
32 d. ~17% ~3C% ~13%
Prostate wt, 18 d, ~25% -56% -312
32 do "hs% -67% -'22%
Vesicles wt, 18 d, ~23% -57% ~35%
32 d, -2 ~66% -22%
Adrenal wt, 18 d, -15% +23% -

32 d. 215 +255  —
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If now the initial assumption is resumed, these results could
be read as follows: the effect of the restricted diet represents
the so-called purely somatic response of the endocrine organs, i.e.

the dependence of these organs on the general health and econcmy of

the organism, Under conditions of starvation, the overall balance
operates at a lower {(and more economical) level and thus becomes
responsible for a general depression of the labile constituents of
all body parts; in one word, this association represents a direct
proportionality between bedy weight {(and age) and organ weight,

Thus, starvation would represent conditions obtaining at the chromo-
logical age corresponding to the observed tody weight.

Under exposure to cold stress, a degeneration occurs which
evidently engages the structural components of the body and all its
parts, but this response goes further in that certain organs reflecting
the functional level of a primary organ are depressed far beyond the
purely somatic resporee and thus, display proof certain of an endocrine
ological dysfunction as part of the overall response, Reading
from Table VII, one would be inclined to interpret the "differences"
as representing the endocrine fracticn of the stress response.

It poes almost without saying that this view is strictly provi-
sional and should not lead to sanguine conclusions., A number of
reservations could be made; nothing has been sald about the effect
of malnutrition (by imbalance or insufficient intake) leading to

avitarinoses and secondarily %o anorexia and eventually inanition,
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resulting in the so-called tpseudo-hypophysectomy” (20) (in the 3
present €ase, the adrenal response may be due to this situation),
Furthermore, the lipid metabolism is modified (at least in terms

of rate) by reduced food intake (21, 22, 23); lastly, the recognized

impairment of glucose utilization resulting from hypothermia may well
cause significant disturbancesin the testicular physiology (2L, 25).
Other events such as modification of thyroid function and the overall
picture cf axydo-reduction reactions may well affect the evolution

of the testicular apparatus {26, 27)e

These reservations invite caution but the basic distinction of
2 components in the overall effect of cold on the testicular function
renains valid, i.e. the distinction between a somatic component {(cf
structural nature) and a strictly endocrine response, perhaps involving
the axis "hypothalamms - pituitary - testis-accessories! and resulting
in a severe depression of androgenic activity.

Therefore, assuming that the overall damage representsan anatomi-
cal lesion resulting from metabolic disturbances and from endocrine
inpairment, one could state that the morphological damage approaches
a linit defined by the structural elements of the organs and that the
functional lesion approaches a limit defined by endocrine homeostasis

(slowing down, arrest or switch) in the functional pattern.
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CCNCLUSICNS

1, Dietary restriction simlates truly the somatic depressicn

due to cold, but imposes no stress on the crganisms

2, The "body weight-crgan weight" relationship is nct linear and

wifarm; the mthematical expression is characteristic of the a'gan %
concarned; ”
3, The dichobomy Uoonbrol~experimental” of same initial age, cancels |

wt strain and season effects and places the subjects on a strictly

camparative basis;

L, The endocrine response of the sex accessaries is distinct from

ard wnaffected by the somtic changes; therapy evokes an accessay

response in direct properticn to dosage;

S, The weight changes in the primary endocrine organ (eog. testis)

is at the same level as the loss in body weight; the primry argan

is sensitive to scmatic variatiocns, but these alterations are nct

relizbly infermative of functioral changes;

6. The testicular response to cald is mde of o component s3

somztic ard erdoerine, each progressing at a typical rate and approaching

a particular asyrptotic limit. |

7. Juément should be reserved on the tnon-rogponse” of the aérenal in

ate)

e diet-vestrictod gmimele "Starvation" may well suppross @ potential
~tnmmm e NAS - ~ - vy - > -

ctress recponsa: a reduced ACTH production (psoudo-hy'pophb’oec‘bow)
failing 4o stirmlate tho edrenel, otheriise srpaired by tho reduced food

= -
; -t
- -’\00
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Chapter Seven

DISS(I:'IATIQ‘I (F THE EFFECT OF SEVERE CCLD (~5%C)
GY THE TESTIS, INTO SQMATIC AND ENDOCRINE CQMPQNENTS
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Repeated observations have shown that in the cold-exposed rat,

the testes undergo a distinct degeneration, In a chronic exposure

i
5
I
b

to moderate cold {2°8), this degeneration appears at approximately
1,0 weeks as a 1oss of function, exocrine and endocrine as well,
along with morphological alterations, guch as changes in weight,
modifications of the histological picture of the tubules, eice ).

In acute exposure to severe cold (=5°C), the same process becomes
cbservable within a period of 11 days; the testes show considerable
decrease in weight, and the sexual accessories, prostate and seminal
vesicles, possess the typical eunuchoid characteristics (2)e

One coxmon feature is the position of the testes in the abdominal
ca\;ity; indeed, the testes migrate reflexly into the abdomen shortly
after the beginning of the cold exposure, This could be interpreted
as the cremasteric reflex which occurs in response to a mumber of §
stimli, for example, hot or cold applied to the tail and mechanical
stimilation of the hind quarters. The testes remain abdominal as
long as the cold stress is applied, and at postmortem, the animal
may be described as cryptorchid.

The effects of cryptorchism on gpermatogenesis (3) and on the
sexual behaviour (L) are firmly documented; the reports on the
effects of cryptorchism on the androgenic function of the testis
are less uniform. A slow {observable at 1 year postaoporatively)
mpairment of androgenic activity is noted in the young snimals, tut
not in the older subjects (5), Blotin deficiency associated with egg-

white injury in weanling rats, prevents testicular descent, while in
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30-day old rats, the deficient diet brings sbout movement to the
abdominal position; the assigned reascn: contracture of the
cremaster msecle (6)s At L months post-operatively, the cryptorchid
testis displays severe germinal damage, but intact Sertoli cells and
interstitium (7). Howsver, assays have shown that the ability of the
testisv to convert progesterone to known terminal steroids, was markedly
reduced in the cryptorchid testis even below the level of the testis
in the hypophysectomized animal; assigned reasons decreased enzymatic
activity (8)e

At this point, two questions arise: 1) 1Is the testicular
degeneration (in structure and in function) consequent upon cold
exposure due primarily to eryptorchism or to cold per se? 2) Is

it possible to dissociats experimentally the effect of cold from the

effect of cryptorchism?

MATERIALS AND METHODS

Animal groups,

A random group of 182 male rats {wistar Albino) was arranged

as shown in Table I and surgical manipulations applied accordingly.
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Teble I

Distribution of aenimals

“Description _ 20% (N} . «5% (F)
ibsclute controls @ oyt o (18)
Shamecperated (8) BN (11) BF (16)
Right testis abdominal (C) cK (11) cF (A7)
Both testes abdominal (D) DN (16) DF (32)
Both testes scrotal (E) N (17) EF (A1)

1; Group population

Surgorys
The procedurs consisted in placing the testes in a fixed positiocn,

thus creating in some groups jrreversible cryptorchism, unilatersl &
bilatersl, and in others, preventing mgration of the testes (9)e
The absclute comtrols (group A) were not subjected to surgery, bub
were assigned a S-day quarantine period befare entry into the cold. Al
cperative manipulations, except ligation of the inguinal canal, were
applied to ths chams,
Living quarters and diet

Pricr to cdld exposure, the animals 14ved in air-conditioned quarters
raintained at approximately 20°C and were fed Purina Lgb Chow and tap
weter ad 1ibitum, A1l animels emtered the cold simltanecusly on day
Zero and were exposed to a temperature of -50¢ t1 for 25 daysj the
rooms wers ventilated, thermostatically cmtrolle-d, gnd 4lluminated

under automatic control, from 9400 8. to 5.00 Pefos daily. -

At s N
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Autopsy data. Sy
Postmortems were performed on all animals within a 2-day .

period; organs were collected, examined, and weighed wet,

Specimens of prostates were taken for microscopic examination;
tissues were f£ixed in Bouin £iuid, paraffin-enbedded, sectioned at
S p, and stained with Mallory trichrome. The examination was strictly

histological; no attempt was made at cytological f£indings, histochem~

ical evaluation, or quantitative measurements of cell size, population,
or association,
Statistics.
All values were screened by means of the Dixon test for extreme
values (10), resulting in a very small number of rejected extrenes;
the analysis of variance was performed according to the 'R x 2 tables"
of Yates (11) complemented by the Students' T and/or the®multiple

range test" of Duncan (12). A1l tables quote ““~ arithmetical mean

i
H
1
1.

with the standard error of the mean,

RESULTS

1. Body Weights (Table II)

The preoperation body weights represeat the values immediately
prior to surgery and the presxposure body weights, the values imme-
diately prior to entry into the cold room. The animals were selected
with the minimum possible difference in body weights; the statistical
test shows that the attempt proved guccessful, The terminal body
weights demonstrate the effect of cold only and illustrate the innocuous

character of the surgery performsd and of the resulting physiological status,
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The growth curves (Figure 1) smoothed out in free hand, tell

the dynamic story of the changes due to cold and support the

statistical data of Table II: cold alone induces uniformly the

alterations observed in the growth process.

2, Survival rates (Table III).

The survival rates through the 25 experimental days display &
normal scattering of values and, due to the small size of the group
populations, do not warrant any valid surmise on ths relationship
between survival and the physiclogical condition of the various groups,

Table III

Survival rates of cold~-exposed subjects
(% of initial group population)

Groups Days L 8 12 16 20 %

tsolute controls  (AF) 100 (18)% 100 100 200 100 83 72 (23)2
Shan-operated (eF) 100 (15) 100 100 100 100 100 100 (15)
Partial cryptorchism (CF) 100 (26) 100 100 g8 88 715 62 (10)
Total cryptorchism  (DF) 100 (30) 97 96 96 93 93 80 (2)
Scrotal position (BF) 100 (30) 200 97 7 or 93 87 (26)

)
=: Initial population at exposure time.
2y Terminal population at autcspy.
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3, Organ welghts,

1) Testes.

In gross appearance, the eryptorchid testis at room temperature
is bluish, very small in size, and of very low turgidity; the coldw
exposed testis, soft and reduced in size, appears pale and devoid of
the congestion dbsarved (13,14) in the cryptorchid testis at rocm
temperature.

Inspection of Table IV along with the analysis of wvariancs
suggests the following remrks, A significant difference due to
cold appears in all exposed groups (except the sham-operated) ;
crypborchism, however, marks its own boundaries of significance:
between non-cryptorchid versus cryptorchid and between partial (C)
versus total aryptorchid (D). Cold and cryptorchism appear to act
in the sams direction, dbut indspendently and disjunctively; thus
cold per se produces its effect irrespective of the sposition® of
the testis.

The shams present a curiocus picture: slight depression of the
testis weight at room temperature (=9% relative to the Control) and
notable sparing in the cold (7% relative to the Control). The diver-
gence precludes an effect of the gurgical manipulations and rexains

without explanation.
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Testea
(weight in grans)

Effect of cold: t=3,L0 p < 0,000

Groups 209¢ {N) -5°C (F) Difference
pbsolute controls (A) 337 2 0,09t (12)2 2,82 £ 0,10 (13) 163, ()3
Shan-operated (8) 3008 0,06 (8) 3,02 & 0,06 (1) - 2% (22)
partial cryptorchism (C)  20lk & 0,06 (5) 1,81 2 0,05 {6) -25% (11)
Total cryptorchism (D) 1L & 0,06 (1b) 1,04 % 0,03 (23) =258 (37 )
Serotal position () 301 % 0,10 (1) 2,50 0,06 (15)  -1Tf (29)

1; Standard error of the mean. et P €0.001

2: Group population.

3: Aggregate population,

Analysis of variance

Source of wvariance d.%o SeSe M.Se Fobs,

Effect of treatment L Th3,08 185,77 210,15 * #

Effect of cold 1 8.8125 8,815 997 * %

Interaction u 0. 911)-‘6 0, 2362 0,27 NeSe

Error 10k 91,90 0,88k

Effect of treatment: A B E c D
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These remarks are substantiated by Tables V and VI, where the

L
5
3
3
E—
H
£

data from the right and the left testis are dissociated, In groups
CN-CF and DN-DF whore the right testis is cryptorchidic, cryptorchism

is the only cause of significance, bub the order of values reveals

the effect of cold in the direction of depression of testis weight,

whether the testis is in unormal® position or cryptorchid,

Table V

Right testis
(weight in grams)

Groups 200C (N) «59C (F) Difference

Absolute controls (A) 1,732 0,0L% (12)¢ 1239 % 0,06 (13) —*}ﬁ (25)3
Shan-operated (8) 155 = 0,03 (8) 1,53 £ 0,03 (W) =~ 1% (22)
Partial cryptorchism (C) 0a67 * 005 (10)  0.50 0,02 (9) -2% (19)
Total cryptorchism (D) 0,67 * 0,03 (15) 0,5L % 0,01 (20) ~19% (35)

Serotal position () L.62% 0.0L (12) 129 2 0,0k (21) 'ggi (33)
1: Standard error of the maan, et P S 0,001
2: Group error population
3; Aggregate population _t pc00l

Analysis of varisnce

Source of variance d.fs 5.5. M. S. Fobss

Effect of treatment L 26,72 6468 28,32 #* #
Effect of cold 1 1,23 1.23 5,20 ®
Interaction N 0.6l 0,154 0.L9 NoS.
Error 124 29625 062359

Affect of treatment: A B B ¢ D

Effect of colds t = 1,,88 P > 0,,05 N.S.
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when the left testis is cryptorchid (groups DN-DF), the same
trend appears as in Teble V, although to a lesser degree: cryptorchisnm
marks the boundary of significance, but cold per se follows the expected :

trend of a specific depression,

Table VI

Left testis
(weight in grams)

Groups 209G (N) =59C (F) Difference

Absolute controls (A) 1069 2 0,04+ (1.1)2 1,43 ¢ 0,05 (13) -}ég (2u)3
Sham-operated (B) 1e56 % Oo0L (%) 119 £ 0,03 (1)  -10% (23) i
partial cryptorchism (C) 260 * 0,02 (n 1,32 £ 0,06 (7) -17% (1)
Total cryptorchism (D) 0e73 % 0,05 (18) 0.1 % 0502 (2h) =308 (39) ‘
Sorotal position  (E) LST #0.03 (12) .21 20,05 (1) 88 (300 |

1; Standard error of the mean, -t P< 0,003
2; Group population,
3: Aggregate population,

Analysis of variance

Source of variance dofo S.S. M. Se Fobs,

Effect of treatment L 19,65 Le9% 22,6l * ¥
Effect of cold 1 1,63 1,63 7653 #* %
Interaction i 0.272L 0, 0681 0.3k NoSs
Error 120 26,03 002169

Effect of treatments A B E c D

Effect of cold: L= 3,8 p < 0,001




225

11) Sexual accessories,
The seminel vesicles were uniformly emptied of their contemss

and woighed wot; the ventral prostates, after removal of the fatty

sheath, were weighed and submitted to microscopic examination.

The weight of the accessories shows remarkable consistency,

yhather in the ccld or at room temperature, The only significant
difference is due to cold, constantly and specifically: the weights
of the prostate (Table VII) and the ceminal vesicles (Table VIII) are
gignificantly different at the 1% level.

Cryptorchism leaves {intact, at normal temperature and in the cold
as well, ths characteristic weight level of the accessories.
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Table VII

Prostate
(weight in grams)

Groups 209G (N) «59C (F) Difference

jbsolute controls (A) 0O.l3 = 0,021 (11)2 0,26 % 0,02 (13) =3% (2u)3
Sham-operated (B) 0.3k % 0,03 (%) 0,25 + 0,02 {15) -26% (2b)
partial cryptorchism (C) 015 * 0,03 (11) 0,25 % 0,02 (10)  -hg ()
Total cryptorchism (D) 0.h3 £ 0,02 (k) 0s2l = 0,02 (23) —ﬂhg (37)
Scrotal position (E) 0,15 0,03 (15) 0,27 * 0,02 (26) -% (L)

1: Standard error of the mean. ot P < 0,00
2; Group population. '
3: Aggregate populaticn,

Analysis of variance

Source of variance d.Z. S.S. H.S, Fobs,

Effect of treatment N 0,0532 0,0133 0,851 NeSe
Effect of cold 1 0,9550 0,9550 61,61 % %
Interaction L 0,051 0,0113 0,729 NS
Error 137 2.13 OOmSS

Effect of temperature: t = 11,00 P < 0,001
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Seminal vesicles
(weight in grams)

Groups

209C ()

59 (F)

Difference

Absolute controls (A)
Shameoperated {B)
partial cryptorchism (C)
Total eryptorchism (D)

Scrotal position (E)

0,52 £ 0,02+ (11)2

Oplils = 0,04 (11)
0,54 % 0,0h (11)
0,53 = 0,02 (15)
0,53 £ 0,02 (15)

0,25 & 0,01 (12)
0,28 = 0,02 (15)
0,28 £ 0,01 {10)
0,26 * 0,02 (23)
0,29 o.oi (26)

525 (23)3
=363 (26)
~48% (21)
12 (38)
5% (1)

1; Standard error of the mean,

2: Group populaticn.

3: Aggregate population,

Source of wvarlance
Effect of treatment
Effect of temperature
Interaction

Exrror

Effect of temperatursi

Analysis of variance

defe 5.5.

I 0,050l

1 1.9500

L 0,5600
139 293

wm? P < 0,001

M.S. FObS.
0,0126 0,60
1,9500 92,42
0.,0140 0,66
0,0211

t = 1701k p < 0,001

NeSe
¥*
NoSe

i
L
L
&
li
i
I
A
i
i
B
:
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43i) Stress indicators,

Adrenal. glands and thyms are known to react to cold in the

e AT e e

direction of @ @iress responss, adrenal hypertrophy and thymolytic

regression; the surgical manipulations and the location of the
testis (éryptorchid or normal), do not seem to causs any significant

alteration in the gross weight of these organs (Tables IX and X).

Table IX

Adrenals
{weight in milligrams)

Groups 20°C (N) 59C (F) Difference

Absolute controls (1) 52,9 * 15% (11)2  6hek * 3.3 (W) +IE (2u)3
Sham-operated (B) L9.7 2,5 (9) Bl £ 2,8 (18) -+ 2% (2W)
Partial cryptorchism (C) 50.6 % 1.7 (11) 61,8 + 2,5 (10)  +1lE (2A)
Total cryptorchism (D) 50s7 163 (15) 6ol £ 1.7 (2u)  + 218 (39)
Scrotal positicn (E) 518 2,3 (15)  6L6 21 (25)  + 16 (L0)

1; Standard error of the mean, s p < 0,000
2: Group population,
3: Aggregate population.

Analysis of variance

Source of variance d.fo S.5. K.S. Fobs,

Effect of treatment L 79620 19,80 0,19 HeSe
Effect of cold 1 5032,0 5032,0 L7098 * #
Interaction h 137 ° 8 th hé Qo 33 NOS °
Error: 138 1LL7heO 104,88

Effect of colds t = 9,68 p < 0,001
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Effect of cold: t = 15,6 P < 0,00k

Table X
Thymas
(weight in grams)

Groups 209C (N) 59C (F) Difference
Absolute controls (A) Oh0 2 03031 ('.1.0)2 0,1l = 0,02 (13) »6.___;5& (23)3
Shan-operated (B) 0,37 £ 0,01 (8) 0,15 0,02 (15). =% (23)
partial cryptorchism (C) Oek2 * 0,06 (10) 017 2 0,03 (10)  =60% (20)
lotal cryptorchism (D) Oeldl £ 0,02 (15) 0,14 * 0,01 (24) =663 (39)
Serotal position (B) 0a37 * 0,02 (15) 0,16 £ 0,01 (5)  57% (L0)

1, standard error of the mean. -t P < 0,001

2; Group population,

3; Aggregate population.

Analysis of variance
Source of variance dofa SeSe M.S. Fobse
Effect of treatment L 0.,3156  0,0789 2,92 NeSe
Effect of cold 1 1.8k 1,8k 68,1 #* 3
Interaction L 0,0550  0,0038 0,51 N.S.
arror 1% 3.069 0,027

BT T 5 S

AR




L, Other organs,

As a sample of other organs, the pituitary and the liver were
yvestigated, In the case of the pituitary (Table £1), although
the weight data cannot be considered reliable information, no
gignificant glteration is observed dus to eryptorchism or to cold;
however, in the cold-exposed subjects, the weight values seem 10
crowd in the lower part of the rangd. The variation expressed in
¢ of the control follows feirly closely the prediction curves of
Chapter Se

The 1liver (Table XII) does aot yield infermaticn, except that
no difference éue to crypterchism can be detected; the effect of
cold noted in previous chapters, ¢alls within the range of normal

variation,
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Pituitary
(weight in nilligrams)

Groups 209C (N) «59¢ (F) Difference

Absolute contrels (A) 1.2 £ 0,5t (12)2 9,3 2 0ol (13) =17% (25)3
Shan-operated (B) 1003 % Ok (9) 9.7 % 0,3 (15) - 6% (2b)
partial oryptorchisn (C) 110 £ 0,5 (11) 10,0 £ 0. (10) = 5% (2)
Total cryptorchism (D) 116 2 Ol (15)  1062°%-0a3 (2b) -12% (39)
Scrotal position (B) b z-o;h (15) 909 % 0.3 (25) «13% (L:0)

1; sStandard error of the mean, 1t <001

2: Group population,
3: Aggregate pcpulation,

Analysis of variance

Source of variance d.f, S.S. M.Se

Effect of treatment L 188,54 L7.1L
Effect of cold 1 56,80 56,80
Interaction N 6,61 1.6
Error: 139 $7.5 2,57

Effect of treatment: A B ¢ D B
Effect of cold: t =512 p < 0,001

Fobs,

18.3h % 4%

22,10 #* %
0.6h NQS.

3
!
!
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Table XII

3

{
a1
b
¢

i

i

!

Liver
(weight in grams)

Groups 200C (N) 5% (F) Difference
3
pbsolute controls (a) 9 2 0,5t (12)2 12,8 2 0,5 (13) =2if (®)
Sham-operated (B) 1he2 = Oob (9) 13.5 £ 0,5 (15) -'5% (2k)
partial cryptorchism (C) 131 % 0,6 (1) 1,2 £ 0, (10) + 7% (22)
Total cryptorchism (D) ik 2 005 (15) 13,1 2 Okt () - 9% (39)
Scrotal position (B) 13.8 ¢ 0.6 (35) 12,9 + Ol (26)° = 76 (1) |
1; Standard error of the mean, .t P<00L \
2; Group population. i
3: Aggregate population,
Analysis of variance
Source of variance d.f, SeSe M.S. Fobs,
H.Se
Effect of treatment b 2’{:22 2]1.:376 2:1376 "
gﬁiﬁ:&ﬁcﬁ" e 4 3164 7.9 2,00 N.S.
Error: 140 55247 3.95

Effect of colds

$ & 2,90 p < 0,0L
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5, Microscopic cheervations.

1) Testes (Plates I and o)
a) mta'chid testis at room temcerature (Plate I, Fige 3; ' L

Plate II, Fig. 8). All sections display in various degrees, the
distinctive featwres classically described by Moore (13), The
tubules are disorganized and shrunk in diamster, Spermatogenesis

is arrested at the Spermatccyte-I stage; few spermatocytes are

seen and in many cases, the spermatogonia themselves = are considera-
bly decreased in muber, Thus, few gorminal elements survive and o
the supporting structures becoxs the predominant visual characteristic: ' |
connective tissue and Sertoli cells,
The interstitial spaces howsver, do Dot present any degemsrative
modification and the Leydig elemente appear extirely pormal in shape, ;
size and cellular contents (1h, 15). ‘ ‘ ’
b) Ccd-exposed testis (Plate I, Fig. 2; Plate II, Fig. 7). ’ |

The tubular diamster appears slightly smaller than normals the
disarganization is less dramtic than in the cryptarchid testis

at roan temperature, but considerable detericration of the germinal
epithelium may be seen (16). Spermatogenesis 4z depressed or even
absent, although a mumber of tubules may still be active; the arrest
of spermatogenesis, when cbesrwved seems to ocowr between the stages
of Cyte-I and Cyte-1I, Occasionally, a mumber of giant berry-like

rmiltimcleated cells will be seen, probably dus to coalescing spermatids
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(Plate I, Fige 55 Plate II, Fig. 10),

The cells of Leydig are often gmall or elongated and approach
the "spindle-ahape" glven as a sign of deterioration; many nuclei
are pycnotic {3, 17); a severe mechanical disorganization of the
interstitial spaces is fairly common instead of the usual triangular
shapee

¢) Cold-exposed cryptorchid testis (Plate I, Fig. L3 Plate'II,

Figo 9)e The cold-treated cryptorchid testis shows simltaneously
degeneration of the tubules ascribable to cryptorchism per se and
degeneration of the jnterstitial spaces dus to cold,

2) Prostate (Flates III and IV).

a) Cryptorchism per se: by microscopic examination, it is

impossible to distinguish the control prostate from the prostate
of a unilateral cryptorchid and/or of a bilateral cryptovenid (Fige 5y
Fig, 11), all of which lived at room temperatures

The lobules or acini appear entirely normal in size and the
epithelial celis display the normal characteristics: colwmar height,
position of the mucleus (basal third or fourth) near the interlobular
or basal connective elements, clear space in the apical (luminal)
pole of the cell, good appearance of ths interacinar connective elements,

b) Cold per se:r the following features are typical of the prostate

in the cold-exposed animal, whether the testis is in normal position
(Fig. 2, Pig, 8), or cryptorchid partially (Fig. b, Fig, 10) or oryp=
torchdd totally (Fig. 6, Fig. 12).
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The degenerative process is unmistakably demonstrated by the
height of the acinar epithelium; at best, the cells are cuboidal
and, often, SqUAMOUS, with the muclei raising the cell wall and
giving a picture similer to that of the capillary endothelium,
Vacuoles appear occasionally in the cytoplasm and the apical clear
space is consistently absent; the interacinar connective layers are
exaggerated or confused, The central lobules of the coldetreated
prostate show the greatest amount of degeneration and present the

classical picture of the prostate from & castrated subject (3)e
DISCUSSION

1, Bffect of Cryptorchism,
i) oOn the body growth,

growth, can be ascribed to cryptorchism; frequent inspection of

the growth curves throughout the procedure confirmed the absence

of interference with the normal process of development; the terminal

body weights (Table II) show no Jifference due to cryptorchism per_se.
Thymus and adrenal glsnds, recognized as indicators of the inten-

sity of the aggression and of the magritude of the orgsnismic response,

do not manifest any slteration pointing to any type of stress responsé.
The location of the testis, normal or cryptorchid, does not seem

to carry any significant influence ol the body functions as a whole;

even the surgical manipulatdon failed to elicit a stress reaction and
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thus may be considered none-traumatic and of no consequence in the
economy of the organiem.
ii) On the testis,

a) Exocrine functbion (spsmatogenic)o - The data submitted

reprosent an advanced state of testicular degeneration consequent
to cryptorchism per S Cryptorchism may, therefore, be assumed to
cauge changes restricted topically to the germ:i.nal sequence of the
testis (L, 15)e Indeed, the depression due to bilateral cryptor-
chism is almost exactly twice that taducsd bY unilateral cryptorchism,
(62% vs 328) calculated on the sum of the two testes or oR the right
or left b’t.estis taken separately.

b) Endocrine function, Although the morphology of the intersti-

t4um appears normal, informaticn on the functional level of the endo=
crine testis should be seénred fron the accessoriess

The sex accessories, prostate and seminal vesicles, have always
been considersd to be true jndicators of the jJevel of the endocrine
activity of the testis (3); our experience constantly showed this
criterion to carry the highest order of correlation and relisbility.
These accegsories measure only the androgenic activity of the testis
and give no information on the reproductive ability. The characteristic
weight level of the accessories, at normal temperature or in the cold,
does not vary more than 54 due to cryptorchisn per 88 Hence, the
normal state of the accessories remains untouched Y eryptorchiem,

ghowing that the endocrine gunction of the testis is left intact,
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within the time limit of the preseat investigation,

2, Effect of cold,

1) On the body growth,

The somatic effects of cold have been recognized by ali
jinvestigators as & composite picture of growth arrest, loss of
body weight, gradual malnutrition, eventual avitaminoses; in short,

a picture of insufficlent maintenance despite increased compensatory
attempts,

The severe stress response attendant on cold exposure, confirmed
by adrenal and thyms reaction, can therefore be ascribed to cold,
exclusive of the surgical manipuiation and of the physiological status
resulting thereof,

51) On the testis.

a) Exocrine function, 1, On the ground that cryptorchism is a

protective reflex against ambient cold acting on the scrotal region,
one might assume that the fixed scrotal position of the testes (groups
EN - EF) would render the testis more vulnerable to cold; our data
(Table IV, V and VI) show that the weight loss due to cold is almost
identical in the "scrotal® testis and in the freely movable testis

of the sbsclute control (AN = AF).

2. Groups BN and BF (eham-operated) appear sberrant among the
rather uniform set of responses recorded; indeed, the ghameoperated
rats kept at room temperature (BN) have a lower than normal testis
weight and those exposed to cold (BF) possess testes of much higher

than anticipated weights, MNo explanation can be offered for the
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nasking of the expected cold-induced degeneration; the small population
figures preclude any valid inference and these erratic results could
be considered as a not too rare occurrence where the observed response
goes contrary te all comparable results obtained in several previcus
investigations,

3, A slight differential appears between controls (group A)
and group B ("scrotal position”); din view of the natural variability
between small populations, this difference although significant at -
p < 0,02, may be disregarded as meaninglesse. Thus, a “position
effect can be ruled out, .

b) Endocrine function.

The interstitial spaces reveal serious damage; the observed

characteristics, though quslitative and very difficult to render
satisfactorily by micrography, seem acceptable in the absence of
absolute criteria by which the functionsl ability of the i.nterstitiai
cells could be assessed; even the cell population is not considered
a reliable index (17).

The sex accessories, Because of a more favorable anatomical

arrangement and greater ease of dissection, the seminsl vesicles
offered more consistent weight data, Table VIII and the analysis
of variance demonstrate the effect of cold as a specific depressic
of the weight of the veslcles, indicating a decreass of androgenic
function dus to cold per se, exclusive of any other agency, such a8
cryptorchism or scrotal "position® of the testls, Tne prostate, @

the other hand, because of a more delicate respansiveness to the
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titer of circulating androgens, favors biochemical. and histological
rather than anatomissl evaluation, JIndeed, the prostate presents a
dramatic picture in perfect correlation with the anticipated conditions
of the varions experimental groups, thereby confirming its value as
androgenic indicater (i7). The depression of the endocrine testis
due to cold per ss appears specific and remsrkably constant. 4 purely
subjective remark may not be out of place: in a blind diagnosis of
unmarked slides, the examiner will detect the cold-treated prostates
with practically 100% accuracy, but in the animals at room temperature,
an error of about 15% can be expected, because the prostate of the
control may show quiescent areas where the lobules appear dormant,
The central lobules give better diagnostic results, probably because
the plane of section is more accurately radial, while the peripheral
acini, sectioned more tangentially, may show convolutions due to
superimposition of cellular strata, The relative sbundance and
tinctorial reaction of the acinar £1uid ¢id not seem to offer any
significant information, In view of this evidence, cold per se DAy
therefore be considered responsible for a specific alteration of the
endocrine function of the testis, demonstrated by a gelective depraession
of the androgenic indicators,

Biochemical tests give more accurate and reliasble information
on the functional levels of androgenic activity than organ-welight data:
65 sn-uptake by the dorso-lateral prostate (18), citric acid secretion

by the seminal vesicles and fructose elaboration by the cosgulating

glands (9)a
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By these methods, the effects of cryptorchism on the endocrine

sunction of the testis have veen somewnat elucidated, "High phases" E
(Spring and Surmer) and "low phases? (Fall and wintsr)' of 6 70 ?
uptake have been described; a transient decrease in uptake ability |
sppears after one week in & mature subject rendered oryptorehid | ' - L
during a high phase, with a ratnrﬁ to normal within six weeks, bub

during a low phase, 1O slteration is observed (18).

The citric acid-fructose pattern falls slightly after five days }
post=operatively, risss to a supra-nornal jevel at ten to fifteen ;
days, £alls again at 28 days and by the 35th day, has returned to
90% of the normal velues (9)e -

These tests have shown that some depreasion occurs in the level
of androgenic activity in the days following artificial cryptorchisn
but a return to normal or mear normal functional levels, becomes
cbservable at 28-35 days; however, these functional variations are
not detectable through nistologicel differences and would therefore |
escape microscopic examination (18).

Ons may then conclude that over a short period of time the
effect of cryptorchism is transient in nature and that the accessories
reflect a normal level of androgenic activity for a long post-operative
period (3)e

Cryptorchism consequent to a strong cremasteric reflex ‘evoked
by cold, applied or ambient, is an important component of the male

response to cold; however, the affects of eryptorchism obscured the
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response in the cold, of the testicular spparatus, IV {:as necessary
to obbain the disjunction between the offoct of cryptorchism and the 0|
effect of cold per se, so that their regpective action could be separately |
gvaluated; the data submitted proved the atiempt reasonably successfule
Cryptorchism, bilateral or unilatersl, does not cause any measuratle

degeneration of the sexual accessories; thus cryptoréhism E?E..:i?. wéuld

affect primarily the nexocrine” testis without jnterfering with the

androgenic function of the endocrine testis. Somatically, no change

was obsarved; body weight, external appearance, ail 'organs but the
testes, display no departure from the normsl control.

Cold however, causes 2 complex group of alterations, well known

Ve
|4
i
i
{

to current-day investigators. The somatic respones js a dramatic
picture of arrest of growth, 1oss of body weight, gredual malmutriticn : Y’
with eventual hypovitaminoses, in gpite of the elevation of the overall i
metabolism (19); 4n short, a picture of deficitary maintenance despite
increased compensatory attempts. Within the cumulative effect of eold
the boundary between somatic and endocrine areas admits overlapping
and interaction (20); nsvertheless, within the limits of the present
investigation, one could safely gtate that cryptorchism induces effeots
of non-endocrine nature, whereas cold produces effects of definite
endoerine character, not essentially related to the topical location
of the testis,
Vorthy of note is the recent report that the interstitial cells

are considerably moxre resistant than the spermatogenic tubules, to
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various forms of padiant energy: a transient decreass of hormon2
production is obeorved one week after X-irradiation (21) or the
application of microwaves (22), although no picroscopic damage is

evident, The temporary depression of androgenic activity subsequent

to irradiation is ascribed not %o interstitial cell damage, but to a

1
I:
i

depressed ICSH output; the radiation damage to the seminiferous
epithelium having perhaps been a stimuius capsble of eliciting changes
in ICSH production, Eventually, the time sequence of events would

follow a pattern similar to the post=castration changes {21).

One last question is raised to which no answor i3 even attempteds
why are the effect of cold and cryptorchism not summated? Indeed,
the weight loss of the testis dus to cryptorchism ammmts to approxi-
mately 60 of the control testis weight and the weight loss due to
cold amownts to only 20%; furthermors, the histological damage to
the germinal sequence due to cold per se (with attendant reflex
cryptorchism) is far less advanced than the damage inflicted by
surgical cryptorchism, irrespective of exposurs to cold, The answer
can only be in the form of a hypothesis: perhaps, the cold~induced
cryptorchism is not as complete, continuous snd permenent as the
surgical cryptorchism, so that the tostis would retain a limited
mobility, preventing the soscalled thermal action of a fixed sbdominal
position; or does systemic hypothernia, though eventually fatal to
the animal, limit the thermal effact of cryptorc}dsm; or does partial

ischemia due to vasoconstriction, resulting in local anoxia, prevent
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the thermal damage? No answer is possible, put the questicn is

disturbing.

SUMMARY

Cryptorchism, cauaed‘ surgically, ard cold exposure have been
studied separately and in combination: the morphological characte-
ristics, organ weights, and histological appearance of 'Eha testes
and of the main sexual accessories have been evaluated, Physiolo-
gical information derived from morphological data reveals that the
effect of cold is twofold: a) somatic or non-endocrine and b)
purely endocrine; the two effects are superimposed and additive,
but distinct, Thus, the gonadal response of the male rat to cold,
within the time limit of the present jnvestigation, assukes the

appearance of 8 "physi.olegical castration®s

CONCLUSIONS

a) Cold per se produces jnhibition of the endocrine function
of the testis, demonstrated by & regression of the gexual accessoriss,
prostate and seminal vesicles, w0 3 jevel approximating that of the
castrate.

b) Cryptorchism also produced (reflexly) by cold, is not per
se responsible for the inhibition of the androgenic function of the

testis,

{
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Figure 7, 1.
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Plate I, Effect of cold and crypterchism on the testis
of the adult rat (125 X - Mallery trichrame),

Figure 1. Comtrol at room temperature (20¢¢),
Figure 2, Expesed to cald (-5°C),

Figure 3, Cryptarchid at room temperature (20%),
Figure 4. Cryptarchid exposed to cold (=5%%),

Figue 5. Exposed to cdld (~59%) - advanced degereration,
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Plate 7,1 .
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Plate II, Effect of ccld and cryptorchism on the testis
 of the adult rat (500 X - Mallary trichreme),

Contral at roam temperature (20¢c),
Exposed to cold (-5C),

Cryptorchid at roem temperatufe (20%),
Cryptorchid exposed to cald (-59%),

Exposed to cold («59%) . advanced degereration,



Plate 7,11,
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Plate III, Effect of cald and cryptarchism on the ventral
Prostate of the adult rat (125 X . Mallery

trichrome),

Figure 1. Comtrol at room terperature (209%),

Figure 2, Exposed to cqld (=5°C),

Figure 3, Partial cxyptorchid at room temperature (209,
Figure L, Partial eryptorchid exposed to cold (=5¢),
Figure 5, Total cryptarchid at room temperature (20c),
Figure 6, Tetal cryptorchid exposed to cqdld (-5%),



Plate 7, 1il.
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Plate IV, Effect of cold and cryptoarchism en the
ventral prostate of the adult rat (500 X -
Mallery trichrome),.

Figwe 7. Control at roam temperature (209C),

Figure 8. Exposed to cold (-5%C),

Figwe 9. Partial cryptorchid at room temperature (20%c),
Figure 10, Partial eryptorchid exposed to cold (-5°C),
Figwe 11, Total cryptorchid at roem temperature (20<C),
Figure 12, Tetal cryptarchid exposed %o cald (-5C),
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Chapter Eight

A STUDY (¥ THE ANDROGENIC FUNCTIGN CF THE ADRENAL CQRTEX
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The functional relationship between the adrensl cortex and
the gonad, male or female, has been the cbject of several investiga-
tions; the history of this research and of the conclusions cbtained
may be found in the substantial review papers by Parkes (1) and
Courrier, Baclesse and Mardls (2), Subsequent works have examined
wariocus aspects of this coxplex problem: sexuval dimorphism of ths
adremal function (3, L) and influemce of the gonads an the cartex
of varicus animal species (S-13).

The andromimetic action of the adrenal has espscially engaged
the attention of the endocrinologists; the initial observations on
the growth arnd post-natal modifications revealed sexcgenic interactions
between the cortex and the mle genital apparatus, in the whale animal
o in the castrate under various experimental conditions (1L-19). The
description of the X-zcome and its functional implications (20-23) led
to the study of adrenal effects on sexual accesscries (2L) and of the
peripheral tissue effects due to the adrenal androgens (25). Attempts
at quantifying the andromimetic action of the adremsl cortex also led
to a revision of some of the functiomal criteria of androgenic activity
(26-28), Biochemical examination of adreral pathologies confirmed |
androgen preduction by the cortex and permitted graded clinical evalua-
ticns (29~33). Studies on the mechanism of this relationship comtime to
carfirm and elucidate the accepted fact of a definite action of the
airenal cortex on the reproductive function and argans (3L4-37).

Examination of the response of the testicular apparatus under

|
|
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exposure to cold disclosed additional information on the mode of
action of the adrenal cortex, Testosterone has been shown to restorse
adrenal integrity in hypophysectomized rats exposed to cold (38) and
age, presumably accompanied by sexual maturation, enhanced cold
resistance in adrenalectomized rats (39). Under a chronic (52 weeks)
exposition to moderate cold (2°c), a transient atrophy of the seminal
vesicles was observed, but after LO weeks, the weight of the vesicl 28
nad returned to values above those found in controls of the same age,
in spite of advanced degeneration of the testes; even the castrates,
after 4O weeks at 20C, displayed heavier vesicles (+43%) than the
control castrates of the same age maintained at neutral temperature.
Furthermore, a new zore in the adrenal cortex suggested a response
similar in location and in sppearance, to the X-zone of the mouse (Lo).
If the rats are exposed to =5°C, a l2-day period proves sufficient to
induce in the whole animal a marked degeneration of the testes and of
the accessories, prostate and seminal vesicles, while the castrate
under the same conditions, often displays accessories of higher weights
than those of the control castrate at room . temperature (kl)e

These two sets of observations rendered the following hypothesis
particularly attractive, In the absence of the testis (complete by
surgery or relative by degeneration), the adrenal cortex remains the
enly source of androgenic factors, Thic activity, normally masked by
the testicular output in the normal whole animal, would be revealed
in the castrate under stress, where consequent hyperactivity of the

adrenal cortex would result in an increased output of cortical androgens;

j
|
?
i
|
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on the other hand, ACTH administered to an unstressed castrate,
should cause some adrenal stimulation and induce via androgen
rroduction, detectable activation of the sex accessories, The
present procedure attempts a compariscn, in the castrate, of the
effect of ACTH with the eff;ct of simple stress, and an examinatica

the response in the sexual accessories,

MATERIALS AND METHODS

Animals: 162 male rats (Wistar Albino) were arranged according to

the norm of -Table I,

Table I

Distribution of animals

Description 200C =5°C
Absolute controls  (T) TN (20)% TF (30)
Controls + ACTHZ (A) AN (7) AP (2k)
Untreated castrates (C) CN (25) CF (5)
Castrates + ACTH (CA) CAN (7) CAF (24)

1. Group population,
2. ACTH treatment: 15 units i,p. per day, 11 days.




259

Surgery: 81 of these animals were castrated at 200 grams, by
sbdeminal approach under ether anesthesia, The surgery was performsd
rapidly and uneventfully; recovery, swift and complete, displayed a
negligible incidence of abcess or adhesions.

Maintenance: the animals were kept in air-conditioned quarters at
20-229C, until the beginning of the exposition, After the usual 5=
to 6-day quarantine, the contrals (absclute) were introduced at the
same weight level as the experimental animals, All subjects received
2d libitum Purina Lab Chow and tap water,

Treatmert: exposition to cdld was made in ventilated cold rooms
thermostatically maintained at -5°C * 1°C and illuminated from

9:00 2.m. to 5:00 pem, under automatic comtrol. On day zero, when
exposition to cald began, the ACTH treatment was initiated: a daily
dose of 15 units was administered intraperitoneally in two injections
to 2 total volume of 0,5 cc. The controls re.ceived the vehicle 2lone,
Armour gelatine LOP diluted to 16% with distilled water, but under
the same conditions of administration.

Data collected: body weights were obtained daily and on the same

occasion, the animals were examined closely to detect the onset and
evolution of cold injuries. The procedure terminated on day 12 when

all anirals were autopsied; after sacrifice under chloroform, the

ws gratefully acknocledge receipt of ACTH (150 milligrams) from
Lr. Joseph D, Fisher of the Armour Company; quoted activity:
65 units per mg (U.S.P. IV).

|
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fo)lowing organs were collected: gestes, ventral prostate, seminal
vesicles (emptied), adrenals, thymms, pituitary, liver and lungs,
specimens were taken for microscopy (Mallory Trichkroms) of testes,
prostate and adrenals,

Statistics: the raw data were subjected to the Dixon test for
extremes (L2); the Analysis of variance followed the "R X 2 Tables"
of Yates (L3), supplemented by the Duncan test (LL) and/or the
Student's "t", All tables quote the arithmetical mean with the

standard error of the mean,
RESULTS

Body weights (Table II and Figure 1).

The significant difference noted among the nInitial Body
Weights® (before exposure) results from a slight defect of synchroni-
zation between the arrival of the fibsolute" controls and the recovery

of the castrates., This minor technical error seems to resorv with

time and does not appear to modify the final results.
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Table II

Body weights (grams)

a——

Groups Preexposure Terminal Difference

psolute controls  (TN)  25Lo7 % k.9t (19)%  283,8 = 5.1 (19)
(TF) 2495 % 5.8 (i)  219,3 # holy (W) =232 (33)3

Gontrols + ACTH (AN) 27he1 % 3.5 (7) 276.9 % 6,3 (7)
(4F)  2bbed 25, (12)  213.1 * 3.9 (12) -=23% (19)

Untreated castrates (CN) 29,8 = 4.8 (24) 288,9 % 5,14 (2L)
(CF)  2uB,5 % ko6 (17)  218,L 25,2 (17) -253 (l1)

Castrated + ACTH- (CAN) 260,6 £ 5.1 (7) 280,3 £ 6,2 (7)
(CAF) 250,5 £ 5,5 (16)  23L,1 * L0 (18) -18% (23)

1, Standard error of the mean, : p < 0,001

p-——13
2: Group population,
3: Aggregate population,

Analysis of variance - summary

Preexposure B.W, Terminal B.W,
Mfect of treatment N.S. N.S,.
Sastration N.Se NoS.
ACTH treatment N.Sa t = 2,15 p<0,05
Ufect of cold t = 2,04 p< 0,05 t = 16,3 p < 0,00L

Interaction N.S. N.S.
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At postemortem, cold is the only factor causing a significant
difference betwsen the terminal body weights: arrest of growth and
narked regression, even below the initial value, This difference
is quite uniform, especially expressed in % variation from the
control. Castration, as previously noted, produces no detectable
effect on growth and development, at room temperature or in the
cold, ACTH atTroom temperature, seems to delay slightly the
growth of the unoperated animal and of the castrais; in the cold,
the whole animal appears in unfavourable position, while the castrate
seens to benefit from ACTH influence,

These remarks are confirmed by the growth curves (Figure 1)
where the gensral tvend may be seen after smoothing cut of the N

daily fluctuations,
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Survival (Table III)

Examination of the survival rates suggests the following remarks:
1) the ACTH-treated castrate is remarkably more resistant than all
other subjects; through the period of exposure, it maintains longer
a better external appearance; the signs of cold injury develop later‘
and with a lesser morbidity;
2) the castrate resists better than the whole animal;
3) the ACTH-treated whole animal displays the lowest resistance,
not mich different from the Mabsolute" control; not only is mortality
high, but the deterioration under exposure to cold is faster and more
severe than among the other groups. The daily examination reveals
the early onset of more serious sigmsof frostbite: edema of the
paws and of the scrotum, necrosis of the tail and ears,

Thus, the ACTH-treated castrate survives longer and displays
more effective conservation of the body weight and of the general
health, while the ACTH-treated whole animal suffers diminished

resistance and elevated morbidity.

-



264

(pootgraoes 9) ST/0T i wotqeradod dmouad peuyuaayl 3¢
(pootyraoes €) 02/51T 32 wopgerndod duoud TeYATUL ST
(avo)
(61) T8 (61) 18 (1e) 68 (22) 26 (€2) 96 (12) oot (112) oot HIOV S93BI8E)
(40)
(o1) L9 :Aoﬁv L9 (12) 18 (22) 98 (€2) 26 (2) 96 (s2) oot S31e14880 POYRIIUY
(av)
(g) €€ (6) g€ (21) 05 () 15 (02) €8 (€2) 96 (f12) 0ot HIOV STOaqu0)
(11)
¢(8) Of (0t) 05 (0T) 05  ,(sT) SL  (€2) LL  (of) oot  (oE) 00T STOIUOD FPNTOBYY
¢t 0ot 8 9 1 e 0 sdro.an
shkeqg

(vozquradod TBYITUT IO ¢)
§998X TeATAUNG

.

LT 9Tquy




265

Organ weights
1) Testes (Table IV): ACTH, at room temperature and in the cold,

produces no significant effect on the weight of the testes; the

dispersion noted does mot go beyond the normal variation of body
weights and remains biologically undefined, (Cold causes a signifi~

cant loss of weight, representing the functional regression consequent

|

to 12 days of exposure to severe cold,

Table IV

Testes
(weight in grams)

Groups 20¢C (N) -5¢C (F) Difference

ibsolute controls (T) 3010 * 0,04 (19)2 2,83 * 0,07 (1) = 5% (30)3

Controls + ACTK (&) 331 2 oigg (7) 2,75 £ 0,06 (12) =162 (19)
> |

(26)
o~z ]
1; Standard errer of the mean. . __t p<00L
2; Qroup population, 0,001
3: Aggregate population, =t P <V

Analysis of variance

Scurce of variance d.fe SeS. ¥,.S. Fobs,

Effect of treatment 1 0,053 0,053 1,18 NeSe
offect of cold 1 60364 6036k 178.3 %
Interaction l 0,228 0,228 6327 * %
Error L6 1.6LL 0,036

Sffect of cold: t = 6,38 p < 0,001
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2) Prostate and ceminal vesicles (Tables V and VI): the effect

of castration on the sexual accessories, prostate and seminal
vesicles, is a classically established cbservation. On the 25th
pest-cperative day, it is nct surprising to cbserve advanced
degeneration evidenced by a weight depression, to Jess than 102 of
the control walue; this degeneration conceals any possible effect

of ACTH in the room-temperature castrate, The loss of weight due to
ACTH in the rocm temperatwe control seems impartant, but it does not

reach the level of statistical significance,
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Table V

Progtato
(weight in milligrams)

Groups 209C (M) 59C (F) Difference

eolute controls  (T) 308,k & 12,61 (19)2 2121 15,2 () =24 (33
Controls + ACTH (a)  2uB.6 = 20,1 (7) 1992 * 22,3 (12) -27% (19)
Untreated castrates (C) 26,8 = 3,0 (23) 55,8 * 17,3 (35) +52% (38)
Castrates + ACTH  (CA) 2ol 2 3.0 (7) 6he9 = 3,0 (A7)  +62% (2L)

1. Standard error of the mean, .t P <000

2: Group pepulation,

3: Aggregate population,

Analysis of variance

Source of varlance d.f. S.S. M.S. Fobs,
Effect of treatment 3 1124506,  37u835. 11,8 * 3
Effect of cold 1 8?22-1. 872,40 3037 N. S,
Interaction 3 90705, 30235, 11,68 % 3%
Error 106 2?h3320 25880

Effect of treatment: T A ChA C

Castration t = 17,3 p < 0,001
LCTH treatment N.Sa
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Table VI

Seminal vesicles
(weight in milljgrams)

Groups 20°C (N) -59¢ (F) Difference l

bsolute controls  (T)  391.6 2 18,4 (29)% 2660k # 27.h (L) =328 (33)3
Controls + ACTH ()  337.1 £ 22,8 (7) 2208 £19.9 (12) -3i% (19)
Untreated castrates (C) 18,0 £ 2,5 (2h) 9607 % 13,9 (36) +50% (LO)
Castrates + ACTH  (CA) b9.2 £ 3.7 (7) T5eh & To7 (16)  +35% (23)

1; Standard error of the mean, __: P<0,01
2: Group population, |
3; Aggregate population, —t D <000

Analysis of variance

Source of variance do.fe S.S .S, Fobs,
Effect of treatment 3 1603526, S3L509, bk * %
Effect of cold 1l 42167,  L2167. 1.k * *
Interaction 3 180293, 61907. 16,7 #* %
Brror 107 395960, 3701,

Effect of treatment: T 4 c CA

Castration t 15,6 p < 0,001

ACTH treatment NeSs

Effect of cald N.S.
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Under the present conditions, the effect of cold is difficult
to evaluate: in spite of the scphistication of the analysis of
yariance, the points of significant difference are buffered by the
divergent direction of the effects observed, In the whole animal,
the depression of the accessory weights due to cald, represents a
1oss of 302 by compariscn to the contral at room temperature.

In the castrate, with or withcut ACTH, cold induces unexpected and
significant elevation of organ weight: this increase had been cone
sidered at first as an excepticn, but more refined weighings revealed
the remarkable constancy of the cbservation,

3) Adrenals (Table VII): castration in the male rat causes an
increase of adrenal weight toward the values typical of the female;
this increase is practically cancelled by the action of colds ACTH
stimlates the adrenal in the centrol and in the castrate as well,
but in the whole animal, this margin decreases considerably under
the action of colds Cdld per se acts in a characteristic manner on=
1y cn the adrensl of the absclute control where the increase in
veight is a measure of the imtensity and duration of the stressing

agert,
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Table Vi1

Adrenal glands
(weight in milligrams)

Groups 20°¢ (N) ~59G (F) Difference

ipsolute controls  (T) 15,9 ¢ 2.3% (18)2 56,5 * 1.8 (1) +19% (32)°
Controls + ACTH (A)  7heS * 268 (7 62,6 + 3.5 (12) =163 (19)
Untreated castrates (Cc) 62,6 £ 2,3 (2L) 58,6 ¢ 2.2 (16) - 6% (Lo)

Gastrates + ACTH  (CA) 7.2 = 1.7 (7 1765 £ 2,7 (16) + 1% (23)

1; Standard error of the mean. _ s p< 0,01
2. Group popwlation.

3; Aggregate population.

Analysis of variance

Source of varlance dofe 5.5, 1L.S. Fobs,

Effect of treatment 3 9132,8 30Lho3 31,58 * %
Effect of cold 1l 3ko9 o9 0036 NeSe
Interaction 3 1663913 5511..1& 5075 3% *
Error 106 10219.7 96011

Effect of treatment ca A C T

—————

Castration ¢t = o2l P< 0,001
ACTH troatment t 87s5 P< 0,001
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L) Thyms (Table VIII): thymdlysis due to cold and parallel to
the adrenal response to stress, displays remarkable uniformity,
irrespective of the physiological status of the animal, Castration
returns the thyms to juvenile levels, in the ¢cold and at roam
temperature, ACTH causes the expected thymdlysis irrespective of

!
1
z

the ambient temperature, except in the cold-exposed castrates,
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Thymus
(weight in grams)

Groups 209C (N) «59¢ (F) Difference
psolute controls  (T) 0a39 0,03% (19)2 0,16 + 0,01 (1h) 597 (33)° |
Controls + ACTH (&) 0,20 £ 0,03 (7) 0,07 * 0,007(10) "2—5..;’5. (17)
Untreated castrates (C) 0,62 % 0,02 (23) 0,20 * 0,02 (16) 683 (39)
Castrates + ACTH (cA) 0,36 £ 0,02 (7 0,18 + 0,02 (17) -& (2L)

1: Standard error of the mean, et P < 0000

2; Group population.

3: Aggregate population,

Analysis of variance
Sourcs of variance d. £, S.S. M.S. Fobs,
Effect of treatment 3 0,9732 0032LL 42,13 * 3%
Zffect of cold 1 1,366k 1,366 177.15 * %
Interaction 3 0,3L37 0,11L9 1h,92 # %
Error 165 0.8091 oow?'?

Effect of treatment c T CA A

Castration NeSe
4CTH treatment t = 6,30 p < 0,000
Bffect of cold t = 10,74 p < 0,001
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§) Pituitary (Table IX): cold causes in all animal groups; 2

uniform depression predictable from the curves previcusly submitted,

except in the ACTH-treated castrate, where this depression appears

to be prevented by castration in conjunction with ACTH,

Table IX

Pituitary
(weight in milligrams)

Groups 20°C (N) 5% (F)

Difference

Controls + ACTH

thsalute contrals  (T) 10.2 % 0.2 (19)° 9.1 % 0.2 (12) -_1_1_5 (31)3
() 10.1%0.3 (1)  9.0¢t0.l (12) -1%Q9)
Untreated castrates (C) 11.9 £ 0.6 (23) 10,6 £ 0,3 (16) -11% (39)
Castrates <- ACTH (CA) 12.2 £ 0.8 (7) 123 % 0.k (a7)  +1% (2)

1:
2:
3

Stardard error of the mean. =z p<o.0l
Group population,
Ageregate populatior. ___t p<0.,001

omnm—

Anglysis of variance

Source of wvariance d.f. SeSe M.S. Fobs.
Effect of treatment 3 110,96 36.99 12,71
Effect of cold 1 19.35 19.35 6.65
Interzcticn 3 6,89 2.30 0.7%
Zrrae 108 305.2 2.90

Effect of treatment A C T CA

Castraticn t =6.25 p <0.001

ACTH treﬂtmnt N.S.

Effect of cold +=2.33 p <0.05
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6) MNon-endocrine organs: the weight of the liver (Table X) is

rather constant: slight (significant) depression caused by cold,
except in the ACTH-treated castrate, Castration favors a moderate
elevation which disappears in the cold; the combination of ACTH
and castration, without effect at roam temperature, causeselevation
in the cold, perhaps reflecting the better state of health among this
group.

The lung (Table XI) presents a ccmplex picture; cald causes
in the whole animal a weight depression, emphasized by ACTH, but in
the castrate ccaid produces an elevation of the weight value amplified
by 4CTH. The corbinatien “castration-ACTH' evokes in the cold, the
same relative increase slready observed in ths testostercne~-treated

castrates; no explanation is attempted of this curious effects




275

Table X.

Liver
(weight in grams)

Groups 20°C (W) «59C (F) Difference

sbsolute controls  (I) 119 ¢ 0,3% (19)2 11,0 * 0,2 (k) = & (333
Controls + ACTH (&) 11,9 £ 0L (7) 108 % 0,5 (12) =~ 9% (19)
Untreated castrates (C) 13.L4 % 0.5 (2L) 11,3 £ 0,2 (16) -ﬁ (LO)

Castrates + ACTH (CA) 1.k = 0.6 (6) 12,7 & 0oL (17)  +10% (23)

1. Standard error of the mean, __t p< 0,001
2: Group population, -
3: Aggregate population,

Analysis of variance

Source of variance dofs S.S. M.S. Fobse
Effect of treatment 3 22009 ?036 2.70 Nosc
Pect of cold 1 15,06 15006 5453 * 3
Interaction 3 35,20 11,73 31 #* 3
ZITOT 107 2912 2,72
Effect of treatument NeSe
Castration t = 3.4l p < 0,02
LCTH trestment N.Se

Effect of cold t = 3,33 p< 005
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Table XI

Lungs
(weight in granms)

Groups 200C (N) 590G (F) Difference

ibsolute controls  (T) 153 % 011t (19)2 1,23 £ 0,05 (13) =203 (32)° 1
Controls + ACTH (4) 152 0,11 (7)  Le12 * 0,02 (9) -26% (16) |
Intreated castrates (C) 1023 % 0,03 (2h)  1.39 # 0,10 (16) +12% (L40)
cteatos + ACH  (GR) LIS £ 0,03 (7) LSk 2032 (17) 262 (2)

1, Standard error of the mean, _ 3 p<00
2: Group population, ' __1 P <001
3; Aggregate population, 4 p< 0,00

Analysis of variance

Scurce of variance d.fo SeSe K S, Fobse

Effect of treatment 3 00,0900 0,0300 0,25 NoSa
Effect of cold 1 0,0352  0,0352 0029 NeSe
Interaction 3 0,0049 0,0016 0,001 N.S.

Error 10 12,56 0,12

B
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HISTCLOGICAL OBSERVATIONS

Testes (Flate I)e

Under the present conditions, ACTH causes no observable modifica- .
tion: the germinal sequence and the Leydig elements appear quite
pormal (Plate I, Figures 3 and 7) and without difference from the
controls (Flate I, Figures 1 and 5)s A biased observer would perhaps'
pote that the musber of the interstitial cells appears decreased, bub
not to the point where a cell count would prove imperative,

The effect of cold is marked even after this pelatively short
period of exposure and the demage has already reached the anatomical
jevel, The cbserver will note that the animals exposed %0 cold, with
ACTH (Plate I, Figures l; and 8) or without ACTH (Flate 1, Figures 2
and 6), show a slight elevation in the muber of quiescent tubules and
in some tubules, the absence of Cyte-II cellse The incidence of 2
certain number of pycnotic Leydig cells remains in the present caseé,

a doubtful ob servations

Prostate (Plates T and III).

The histological picture of prostate degeneration consequent
to castration is & classical image (45, u6): depression of the acinar
epitheliun to cuboidal or even endothelial height, 1o0ss of the apical
clear spaces, visual dominance of interlobular connective elements
(Plate II, Figure 5; FPlate 111, Figure 13)e

Ir the whole snimal at room temperature (Plate II, Figure 33

Plate I1I, Figure 11), ACTH does not secm to cause any detectable
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effect; in the cold however, activation of the prostats becomes
readily observable (Plate II, Figure h; Plate III, Figure 12), in
that the opithelial cells are higher and have recovered the apical
clear space, in the castrate at room temperature (Plate I1I, Figure
7; Flate I1I, Figure 15) and in the cold (Plate II, Figure 8; Pia.te
111, Figure 16), ACTH causes 2 marked activation with partial reappea-
rance of the characters of the normal celle

The notable change in the prostate comes from the action of cold, “
In the whole animal, without treatment (Plate II, Figure 2; Plate I1I,
Figure 10) or with ACTH treatment (Plate 11, Figure L; Plate III,
Figure 12), the contrast is readily seen by comparison with the control
at room temperature (Plate II, Figure 1; Plate III, Figure 9), in a
regression of thé lobules to a level almost equivalent to that of the
castrate, The important and astonishing cbservation is provided by
the untreated castrate exposed 10 cold (Plate II, Figure 6; Plate
I1I, Figure 1h): the acinar epithelium displays a level of regenera-
tion comparable to that observed in the prostate of the room tempera-
ture castrate receiving ACTH (Plate 11, Figure 7; Plate III, Figure
15). The absolute diameter of the 1obules does not seem to possess
any characteristic value; vorthy of mnote is the fact that the observed

regeneration does not reduce the amount and confusion of the inter-

lobular connective,
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DISCUSSICN

In the whole animal, at Toom - ‘temperatures the testicular
andregens reach a certain titer, resulting from all the factars
whose sum censtitutes the "normal state': age of the subject, state
of health, functional level of the genital apparatus, season of the
year, hour of the day, condition of the mutrition, etc. The adrenal
androgens result from the balance “Pituitary—ACTH-Cw‘bex“ and contri-
ute to the supply of circulating androgens. The cbserver may therefare
read on the sexual accesscries, as on a parcmeter, the total output of
androgenic facters deriving from the sum o the synergism of the two

known sources of androgens.

Exogenous ACTH given to the whole animal, causes depressicn of
the accessaries; although not significant, this depression (approxi-
metely -175 relative to the absalute contral) may well result from

+he “braking" of the pituitary by ACTH, with an incidental reduction

in the output of gonadetropins; tne histclegy of the prostate remains

neemal., The slight (non-si.gnificant) elevation of testis weight among
this group might be due to a liminal ghift in body fluids.

Under the onslaught of agression, especially of a measurable

agency such as cold, one may observe 1) hyperactivity of the adrenal

dencting the imtensity and duration of the stress and 2) a characteris-

tic depression of testicular activity. The adrenal response with thymo-

1ysis as a callateral, ™3 well include an clevation in the pr oduction
of certical androgens, but since their titer is unknowm, the magsive

depression of the endocrine activity of the testis becones
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the significant feature, Result: net decrease of total cutput
of androgens, reflected in the doegensration of the sexual accessories,
weight and histologye

ACTH given against this background of events, doss not typicelly
affect the weight of $the accessories, but the histological modifica=
tions display a stirulation of ardrogenic nsture, caused by the
adrenal nos made hyperactive by cold and by ACTH, in spite of a
depressed level in the testicular output.

In the room-temperature castrate, the principal scurce of
androgens being removed, the sexual accessories' degenerate rapidly
to a sub-infantile level., Might absence of the testicular braking
action on the pituitary perhaps induce an overproduction of ACTH,
from which would result the feminization of the adrenal of the
castrate? What is then the fate of the adrenmal androgens? Does
the X-zone which appears in certain specles undeyr these conjunctures,
display an jnereased activity of the sexogenic region of the cortex?
In any event, the accesscries degensrate progressively,proving the
rapid decrease of effective androgens-and/cr a reduced sensitivity
of the ultimate targets.

After ACTH administration, the weight of the accesscries reveals
a moderate weight responsé, but the histology shows clearly the picture
of a distinct activation, the specific response of the regenerating acinar
epitholium, which points definitely to an ondocrinalogical inflnence

by the systemic route rather than by & strictly locel action.
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In the cold-exposed castrate without ACTH, the activation noted
in the sexual accessories can derive from cne source only, the adrenal
endrogens. From the general responss of the organism to stress,
emerges an elevation of cortical production of androgens, at a level
comparable to the_level consequent to ACTH treatment in the roam=
temperature castrate. Thus, the sex accessories show repair of the
weight and of the histclogy, partial in extent, it is true, but
characteristic of the androgenic influence; ACTH superimposed to
stress, does nob significantly modify the level of the accessary
responsee

Thue, in the castrate, the stress of cold waild unveil the
sexcgenic action of the adrenal cortex, normally concealed by the
activity of the testis; it becomes therefore possible, at least
theqretically, to dissociate the testicular contribution and the
adrenal share ‘o the sum total of the androgenic cutput dsposited
with the general econany of the organism. The stress, in the castrate,
woild manifest the androgenic action of the adrenal, minimal in aextent
but typical in nature. The present dbservations, strictly merphological
in character, would require confirmtion or disproving by means of
2 biochemical approach, where the pattern of steroidogene sis (L7),
ubilization (L48) and excretion (49) wald provide a dynamic picture
of androgenicity; thus, the two components would be clearly dissociated

(50) and related to the broader response of the crganism to the changes
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in the thermal conditions of the environment (51)e

CONCLUSIONS

1) The level of the androgenic activity of the adrenal cortex

becomes observable only in the absence of the testis.
2) Cold in the castrate, stimulates the adrenal cortex to an !
jncreased production of androgens, the j1evel of which becomes obser- '

vable in the response of the sexual accessories,

3) The hyperactivity of the adrenal consequent to stress is compa=
rable to the stimalation provided by ACTH in the non-stressed castrate.
L) The sexogenic influence on the accessories confirms the observa-

tion of androgenic activity of the adrensl cortex, minimal but charac-

teristic,
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Plate I. Effect of cold and ACTH on the testis of
the adult rat (Mallery trichrame),

Lsx 50X
Figure 1, Figwe 5., Control at room temperature (20°C).
Figure 2, Figure 6, Expcsed to cdld (-59C).

Figuwe 3, Figure 7. ACTH at roam temperat.m'e (20¢%c),
Figure L, Figure 8, ACTH exposed to cold (=59C),
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Plate II, Effect of cald, castration and ACTH on the
ventral prestate of the adult rat (125 ¥ =
Mallory trichrom),

Figure 1, Control at room temperature (2090),

Figure 2, Exposed to caold (~50C),

Figwe 3, ACTH at room terperature (20°g),

Figure L, ACTH expcsed to cold (=59¢), |

Figure 5. Castrate at room temperature (200C),

Figure 6, Castrate exposcd to cdld (~5<¢),

Figure 7, Castrate with ACTH at room temperature (20%),

Figure 8, Castrate with ACTH exposed to cdld (-5%),
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Plate III, Effect of cold, castration and ACTH on the
ventral prostate of the adult rat (500 X -
Fallory trichrore),

Figure 9, Contral at room temperature (20%c),

Figure 10. Expesed to cald (=5%),

Figuwe 11. ACTH at room temperature (20%¢),

Figure 12, ACTH exposed to cold (-5°C),

Figure 13 Castrate at room temperature (20<c),

Figure 1, Castrate exposeci to cdld (-5%),

Figure 15, Castrate with ACTH at room temperature (20%),

Figure 16, Castrate with ACTH exposed to cdld (-59%),




289

Plate 8,1il.
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Chapter Ning

Q¥ THE VALIDITY (F (RGAN WEIGHIS IN THE
EVALUATIQ! ¢ THE FUNCTICNAL LEVEL (F THE TESTIS
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Sewveral criteria of andregenic activity are available to the |
investigator, some physiadlogical, scme biochemical; some pertaining

to the genital apparatus, sam ssemingly unrelated to this apparatus
(1). Such are the changes in the submaxillary glands: increase

in gland weight and of secretory granules in the apical pale of

the tubuler cells; they provide only a rough estimte of 2 qualia-
tative response grossly reflecting the overall level of androgeni-
city, but they are not considered valid for the detection of a
miniral androgenic action, Hypertrophy of the remal cartex in

the mouse and the colummar appearance of the parietal cells of
Beman's capsule (narmally squamous) have been taken to represent

a gualitative and insensitive response to androgens,
The response of the sexual imdicatars remains the choice
barceter of androgenic activity, 2nd5 uptake, fructose and

citrate cencentrations, argan weight and histolegy, all provide

a quelitative and quantitative response, firmly reliable cver a
wide range of androgenic stimlation; indeed, the prostate and

serinal vesicle complex respord promptly and delicately and

L

.
F

7
fey
v
g
A
i

thus give a convenient, rapid and economical index of amdrogenic
activity.

In the present investigation of the endocrine testis where
cetection and preliminary evaluation of potential action of cold
were intended, the indices have been used with success; these
criteria were preferred to the histolegical analysis of the Leydig

cells, of uncertazin value, and to the more expensive bicchemical
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and isotopic determinations, Several argans were also inspected
?ar weight changes in the search of a possible relationship with
androgenic disturbances, The bidlogical value of the accepbed
criteria is unassailable, but a final prcblem remains, namely,

the method of reporting changes in physical characteristics (vogo
weight of an organ) and the amemability of these data to statistical
treatrent,

The crganization and reparting of quantitative data resulting
from biclogical cbservations poses the persistent ;u-obl'em. of the
value and 7alidity of these data; no unifarm standard of reference
is available and the traditional methods are fraught with uncertainty
and confusion, The classical jnstance of this situation is the
evaluation of charges in the rates of erergy exchanges and their
biclozical and clinical imterpretation (2, 3, b)o The medical
tradition favers expression in terms of an approximte proportio-
rality to the surface area of the bedy in the species under study,
with suitable carrections for application to the human species
(DuBois). For the purpose of breader extrapalations in the bidlogi~-
cal field, othar referemce standards have béen propesed, such as
+the "iean body mss" or the nactive tissue mass”e Without passing
judgment on ine infcrmative value of BIR data and without choosing
a positien in this dilemma of scientific comrmmnication, the fact
rerains that all of the proposed standards appear limited in affecti-

venass ard validity and fall under Tanner's anathema (5), where
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reference standards, such as per surface area or per kilazram

body weight units are "theoretically fallaciocus relat:.onships
vased on a spurious cerrelation of indices" leading in some
instances to the invention of mew syndromes.

In actual practice, the bidlogist mst avoid "incantiocus use
of ratios" and unjustified extension of linsar relaticnships into
regions where they do not apply, but he mey have to reconcile
himself with a less effective and perhaps biased standard, provided
the rode of expression is readable and reascnably reliable, The

folloring remarks contain a recitation of the mental pathways in

the selectlc.n and rationalization of a mode of expression, with
undertones of self-justification. The prodlem could be reworded
as follews; what is the best way of expressing quantitative changes
(e.g. weight changes in the sex jmdicators and otber organs) so that
tme differences observed (or lack of differences) reveal a itrue
biolozical phenomenon and not merely a mathematical & statistical
artefact; in cther words, what should be the fixed point of reference
or the standard of comparison?

Certain postulates mst be accepted as a rimary substructure.

1) Age can be represented by the body weight, in a certain breed

of a piven species; 1.6. 2 certain physiological level (with an

acceptable range of variation) represents ths chronalogical age;
tnus, changes proved statistically signif icant, indicate a departure
‘ Srox the nermal contral and provide biolegically maningful infarmetion,

Thus, hypertrophy may be taken to indicate a hyperfunctional state or
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synonynously, a level of function narmally asscciated with a
mors advanced age; conversely, & reduced organ weight may be
taken to indicate a hypofurctional cendition., Marked regression
to «gan weights typical of a juvenile age, will then be taken
to represent a severe to extreme state of degemeration. A dis~
tinction to be detailed later, between samtic and endocrins
argans will remove the apparent fallacy of this postulate.

2) Body weight and ocgan weight (or function) are related t0

each other in a certain mammer, amenable to mathematical expression

and scientific prediction, This relationship will not usually be
lirear, i.e. where the aigin i zero - 2 case in point: the
Cardiac output of 2 subject of zero body weight, falls beyond
relevancy (S)e The relationship is propertiomal,either of the
regressicn type, (¥ = a+bX) o of the pawer typs (T = 33),

3) Changes in crgan weights, especially the endocrine glands,

are "trophic respenses”, 1.€. pertaining to size of body and its
parts; these changes, increase or decrease, may of may not necessa-
rily represent respectively nyper- o hypofunction (6). The dis=-

crimination at this point is of conceptual, not mthematical ordeTre

EXPERIMENTAL DESIGN

The experimental design may create two different situatioms:

1) determimtions may be mde at onz single poimt in time where

the object of study is the pature of the reaction in animls of

eniforn age (ideally, litter mtes) acutely subjected to a seb of
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conditions; this 1s evidently a singular instance of the following
situation.

2) determimtions are plotted as a function of time in the study
of the sequence of events in the development of the response over

a selected period of time, during which the conditions are conti-
nuously =pplied; a case in point being the effect of the duration
of exposure to cald (at a fixed temperature valuz) on the endocrine
testis, In this case, the age factar of the experimental subjects

cannot be neglected in the evaluation of the final results.

¥odos of expression of cbserved changes (o gan weights or other

criteria) (6).

1) Absolute values. The means of the controls and of the experi-

mentals are qucted and the difference bstween the means (indicating

hyper- ar hypotrophy) is expresseds: a) as an arithmetical diffe-

rence, i.e. control mimus experimental; this is the “"absdlute
difference", b) as & fracticn of the comtral value, 1.€e

excerimental X 1003 ‘this is the “relativw difference”.
ceatral :

Rerark: this method requires mear-identity of the basic conditions,

i.e. age and/or body weight and provides information on the nature

of the response per S6 where the potential age effect is removed.
Seme investigators prefer to compare control and experimental

on the basis of the absolute values of c«rgan weights especially in

purely pmsiological responses; VeBe effect of handling on rat crgans

(7); other authors, especially biochemists, refuse to accopt a corre-
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1aticn botwsen body weight and crgan welght (e.ge liver), and
between body weight and total liver-SH groups {8), adding the
caution that animals should be selscted on the basis of bath

body weight and age.

2) Relative values, The organ weights are expressed as a fraction
(%) of the body weights in the comtrols and in the experimentals
the "fracticnal weights® are compared, giving a non-dimensional
quotient (6). Two situaticns may be encountered in the experimsntals:
a) the body weight and the organ weight vary in the same directicn |
and to the same level, leaving constant the 4fractional weight®
(ratio of body weight to argan waight); this is the nigemtric”
hypo- or hypertrophy; b) the body weight and tbe crgan weight

vary in different directions resulting in different fractional
weights in the experimentals and in the controls; this is the
%a1lamatric® hypo- o hypertrophy.

The quotient of the two fracticns (corbrol versus experimental)
gives the degree of ngllomstry" of the experimentals, i.e. the per-
centage of hypermstry (hypertropy) o hypom¥y (hypotrophy) .
Remark: tbe distinct advantage of this method resides in the fact
that fractional weights give non-dimsnsional quotients, permitting
safe and simple cemparison between species whore the body weights
may be widely different; thus in comparative physiolegy, functional
responses may be appraised and compared, even if an impartant de-
parture from isomstric wild cbtains between the speciss compared

(9, 10, 11).
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This approach is based 1) on the convenient (but unproven)
premise that body weight and organ weight are always allanetri-
cally related, and 2) on the doubtful relationship betwsen in~
gested calcries (mtritional state) and crgan weights, Errars
of imterpretation must be avoided, viz, the false conclusion that
cald hypertrophies the lungs; indeed the lung weight appears
jdentical in the controls and in the experimentals, bub the body
weight of the cold-exposed i3 significantly lower; the lungs
should be considered hypermetric without hypertrophy. 4As a re-
deeming feature, the mothod renders explicit the change in bedy
weight-organ weight relationship which under certain canditi ons,
might well prove bi ologically significant; this node of expression
finds considerable faver and has served as a basis for a bread
spectrunm of studles by mxtritionist's, (12, 13, 1k), endocrindlogists '
(15) and varicus physiologists (16, 17, 18,19).

3) Repressed values. A “regressicn line" defimes the group

variation and provides an expression of the direction of the func-
tional change (20); corparison is thus possible between experi=-
mental groups, where the respective slopes become the characteristic
and representative value, Furthermore, vextremes® are smoocthed out
and brought into the fold, by what amounibs to & drastic cwve fitting.

Remark: in onc respect at least, we found that application of ths

Dixon test for extreme outliers resulted in a good tgleaning” of
abeyrant values and that the regression 1ime did not improve the
irgividual valuss by more than 2 or 3%; thus, the arithotical means

as representative of the group prowed as effective as the slopo of
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the regression lins,

The above described msthods may be ingerted in a system where
the changss (ergan weights or oths¥ exiteria) are reported on a
timp-axis from which the time-dependency of the response can be
ovaluated; a standard of comparison is now needed for the estima-
tion of the overall chamge where the body weight-argan weight 1e=-
lationship now contains a functional ipplication of dynamic growth.
L) Comparisen agaimst a baselioe representing conditions at bime zZere.

The varicus times points are expressed as fractional (#) deviatiaa
fron this initial condition which defimes the origin of the time
curve,

Remarkss a) the changes dus to experimental chiti@ (hyper=

o hypotrophy) are compounded with the changes due to growth, if
the period of time is significantly long in relation to the 1ife
span of the animal or to a period of rapid growth. In cther words,
+he difference betueen contrals and experimentals includes not enly

the deviation due to the experimental conditions, but also the effect

of age and normal growth,

b) while the organ weight among other m@ﬁms relates narmally
to age and/cr body weight in some allomtric mamner (Y = axP), the
node and extent of this relationship is disturbed by the experimental
conditions, V.g. severe stress, so that the experimeptal curve of
the time response becoms unpredictable,

5) Power standard of allamtric relationship in the species.

Standsrd curves [oargan weight & (Body weight)d] defining this rela-
tionship far a given species can be found in the biclogical literature
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and could possibly be used as a basis of comparison, i.e, represen~
ting the control conditions; the experimental response will then
be expressed as a fractional (%) deviation from the control values
for a simdlar age and/er body welght. For the rat, such curves or
mthematical functions have been devised by Donsldsen (21), Nelsen
(22) and Addlph (23)e

Rerarks: @) such wgtandard valws" are not trensferable from
species to species (2L, 25).

b) these stendards appear subject to considerable variation:

strain o breed differemces, over & period of years and between
different localitiss; possibly different conditions of rearing,
ubrition and ary muber of cther bidlogle veriables, and different
autopsy methods pbetween the autha'Se

c) the allamstric relationship ig distorted during the devel cpment -
of the experiment and caution must be exercised in the interpretation

of the results (26).
d) these dats are nevertheless vsluable as a guide for qualitative

estimtion and gross prediction, but do not provide a solid basis

for quantitative evaluation of effective changese

6), Standard curve cotainsd for the breed used in the course of the

emvrinent.
We established o an Body weight-cargan weight curves and ths

defining equations from the comtrol ardmals used over an extensive
course of expcrimentation (27); these curves served as a predictiocn
gauge in the panagement of 1arge animsl populatd ons and as a quali-

tative guide 1line in the estimation of the coserved results.
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Rerarks: a) the changes due to experimental conditions are
compeanded with possible changes dus %o the growth process (age)

in the controls and in the experimentals as welle

b) These standards are based on the unconfi:med postulate of
direct and causal relationship between body weight and organ weight,
where the proportionality is mthematically constant, so that to a
given value of body weight, a certain value of organ weight should
correspond and vice-versa, Tius a sliding scals of body weight (&
age) should display crgan weignt in accord with the relation I = 2xP
over a leng fraction of the life span, Furthermare, this relatione
ship though provisionally acceptable, applies enly to the narmal
growth and devel oprent (controls), but sirce growth and development
are vectorial values (with direction and sense), reversibility along

the tire scale is highly que stionable and probably unjustified(28).

7) Control versus experimental at the same point in time,

The assumption is that the control is identical in physical
age with the experimental and represents the state that the experi-
rental should have attaired, had he not been subjected to the expe~
rimental ccenditions; the observed changes are then expressed as
fractional (%) deviations from the respective comtrol for each time

point, The final plot of the time-sequence represents the "ensemble"

of these singular deviations; the curves are then fitted and the

ecuation calculated.

Since the animals are ipitially chosen with a very narT o

mrgin of body weights, they are presumed to be of practically the

penapns
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same chronological age; thus, fo each time point, are cancelled
the effect of age or growth, the characteristics of strain or breed,
as well a3 the influence of season and cther pessible cyclic varia-
ticns (impossible to assess in spite of varicus approaches).

The cbserved changes are thus assumed to represent the pure
response to experimental conditions, i.e. the departure between
camtrol and experimental being the aggregate response due exclusio
vely to the irpcsed experimental conditions.

The narmal physiclogical and marphological characteristics
are w‘mctorially assoclated with the chronological age rather
than with the body weight; insofar as weight corresporis to age,

a certain graphic relation may be expressed which is mathematically
acceptable, but less conceptually satisfactary,

The organ serves &s its asn control and simulates conditions
ctainable only with non-destructive methods, such as BMR readings
over a period of time, where the value at time zero stands as the
cotrol figumre.

Although the data (argan weight changes) are intrinsically

poor and the curve £itting unsophisticated in the eyes of a rigo-

»ous mathemiician, the infamtion obtained proved interesting
and served as the basis of an impartant distinction; a marked
difference was thus evident between the gross responses of various
«gan groups, allowing discrimination of the data that could supply

infarmation on the fate of the endocrine testis under stress (cold)e
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Expression of functional changes

Oxr personal cholce of a mode of expression was made as
folloss: in the acube experiments, absolute valuwes (paragraph 1)
of the means were analyzed for significancs by means of "R X 2 tables®
of Yates complemented by the Students?! T test and/or the "multiple
range test® of Duncan; the relative difference (paragraph 1,b)

complemented by the T test, displays the fractional (%) deviation
between control and experimental, In the tims-schedule procedures,
the "relative differences" were plotted against tims, the curves
fitted and defined (paragraph 7).

The curves previocusly submitted (chapter 5) may now be treated
differently (figure 1): along the ordimate, the experimental values
are expressed as a fraction of the control rather than as a fractional
less, the two "families" of curves ars summarily averaged and re-
plotted against time 2s two single curves. The Bgomtic® group now
contains body weight and the primry endocrine organs: testes axd
pituitary. The weight loss represents the stress effect dus to
cald, an aggregate of mtritional and mptabolic disturbances which
ray terminate in death by hypothermia., The ;'indicator" organs
display a two-phase response: initially, the loss is rapid (half-

tims of L-5 days), out of propertion with the semtic depression;
this is the endocrine companent of the response to cold: precipi-
tous functional deterioration of the androgenic testis,

Lator, a second and slawr phase, grossly parallel to the

e o P e S g 20 2 i
¥ FERIREREN ST

changes in the scmatic group, represents the somtic componsnt of
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accessaory degeneration; this second phase seems to progress
torards same asymptotic value, probably the indestructible structures
of these organs.

This dynamic view, simplified and intuitive rather than mathe-
matical, confirms ths hypothesis that cold causes in the testis,
a functional and morphological degemsration. As primary argans,
the testis and the pituitary follow closely the vicissitudes of
the overall metabolic economy; the evaluation of endocrine damage
is poss:xbla only at the level of the accessaries, where the scmatic
amd endocrim effects of cold appear successively and additively (29).

CONCLUSIONS

1. Since information on the level of androgenicity of the endo~
crine testis can be otained only from the sexual accessaries,

the changes induced by cold in these organs mst be expressed in
some quantitative manmer, allowing evaluation and comparison;

2. The mthemtical expression was chosen after a survey of same
possible forms: 1) the absdlute values of conbrol and experimene
tal are ana lyzed accarding to the "R X on tables of Yates, comple~
mented by the Student's t test and/or the Duncan F test; 2) the
difference of control versus experimental is expressed as % of
control and the b test is applied; 3) the time development of tre

phenomenon is expressed by tims-curves showing the loss of weight
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as a fracticn of the controls

3, An intuitive rather than graphic analysis of the resulting curves
confirms the hypothesis of a tuo-fold effect of cold on the male
genital apparatus: somatic, parallel to the loss of body woight and
endocrine, cut of proportion with the somatic changes and representing
the indicator wvelus of the sexusl accessoriss.
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Figure 9, 1.
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SUMMARY AND CONCLUSIONS

The pituitary control over most of the endocrine glands is a
long recognized fact of Erdocrinology, but several modalities of
4his relationship romain mebulcus, Soms functionsl axes, pituie
tary-adrenal cortex (1-i), pituitary-gamad (5-10), receive constant
sttonticn, but imteraction betwsen the axes themselves still begs
elucidation. Rules of interpretation and diagnostic signs of
definitive value are still lacking in the appreciation of the
functional level of the endocrines,

Recent investigations of the axis Hypdbhshms-l’ituitary
Lring to the fore now views on the integrative function of the
“ypothalamus with respect to the endocrine system, Ths physical
contimity between hypothalamus and pituitary is nscessary for
. 3H and LH releass (11). Iohibition of hypophyseel secretion
rasults from sslective hypcthalamic lesicus (12) and correction
1g obtainsd by suitable hypothalamic grafts (13). Implantation
of testosterons propionate in the median eminence resulting in
iepression of apembogenaais and prostatic involution, points
to the existencs of centers engaged in the negative feedback
nechanism (3k, 15: 16); conversely, the increased peurosecretion
‘observed in ths snterstitisl latero-dcrsel mclei) following cae=
tration, is rewersed by injecticn of testosterons derivatlves 17,

'8, 19)e
Detailed localisaticn gtudies in male and femals rats with
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technical refinements of considerable imterest, confirm the
function of the basal tuberal-mecian eminence area as a focus for
negative feedback in the control of gonadotropin production (20).
Comparative lesion studies in varlws animal groups observe the
same gomadal degeneraticn, with the added note that the pitnitary
iteelf shows minimal changss and that exogencus gonadotropins
exacerbate the degeneration, Because the gross gonadal regression
is out of propartion with the minimal pituitary deficiency and
because of correlation of lesions of the cerebral cortex in the

huran with genital atrophy without decrease of tropin titer, the

vossibility is seen of a regulation of the gomad without pituitary
relay; reference is again made to the testicular atrophy brought
sbout by bilateral lesions of the amygdaloid complex (21).

The old idea of rervous influence (somatic and vegetative)
over amterior pituitary activity (and other endocrires) is thus
revived, in that the neurchumcral transmission between hypotha-
lams and pituitary and the feedback activity of the hypothalamic
miclei are probably qualified by sore fam of CNS regulation (22).
Thus, evolves a concept of hypothalamic functioning®, where the

hypothalams becomes the final common pathway far environmental

influences on the pituitary (23), Lastly, the traditional concept
of thermoregulation by the hypothalamus (2L) has been re-evaluated
ny direct recording techniques (25) and a lecal hypotnalamic balance
of catecholamines is now considered an impertant factor in the

scintenance of body tero. rature (26).
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As a summary of the present venture, one would like to in-
tegrete the camponents of the stress respanse of the testicular
apparatus into a clear and concise picture; the few -£indings repor=
tod as woll as tho thoorotical consideratdons make this possibility
nore and more remote. Often, the findings are liminal and mark a
trend rather than display a clear dhencmenon, but we feel that we
have validly stated a prcblem and opened a new anc valua‘blé
averme of research, The branching cut of the initial project promi-
ses interesting results and perhaps same new insight into basic con-
cepts and potential applications,

The present conditions are strictly experimental, in that they
¢o nct equate the natural situation of the wild environment and the
dosages are selected for visible action rather than for physioclogical
znd pharmaceutical mnagement, In this 1ight, a speculative scheme
na2y be unfolded where the findings are fused with hypothetical in-
terpolations.

The rechanism of the stress respense in the male genital appa=~
ratus appears not as a primary response, where a metabolic regulator
adjusts to rew conditions by some alteration of axydo-reduction patterns,
tut as a responseé, secondary to several events: somatic, topical and
reuro-humarale

ohe scmatic events concomitant with and consequent to severe
coldé seem to include & decreased availability of metabolites (to
the crganism at large and to the genital app:xratus) due to the de-
clining food irtake and to the increased metabolic demands, leading
to progressive arorexia and eventual emaciaticne Undoubtedly, dis-

turnances occur in the intermediary matabaolism of various substances,
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resulting in nutritional deficits, to wit some instances of avie
taminoses and probable essential fatty acid deficiency. Distinct
alterations presumably occur in the fluid-electrdlyte and acid-
base balarces, evidenced by edema, capillary shifts, Zinc defi-
ciency, muscular weakness possibly associated with disturbances
related with adrenecartical exhaustion and to peripheral vascular
impairmentse

Rather little is known of the posterior pituitary responses
to stress, except for soms peripheral data; this impertant re-
galator of osmotic conditions and its knom connections with the
hypothalan;ic vegetative centers, certainly deserves considera.ble.
attenticn.

Thus, a mtual causality scheme may be envisaged, where the
anabclism-catabalism inbalance causes testicular deficiency, and
the androgenic depression indirectly favors catabalism, Finally,
the cortico-spinal control of shivering in the skeletal musculature,
brings into the picture a fasciculate and involuntary massive per-
formance metabolically wasteful.

smeng the topical factars, the lecdl control by the nervous
system (PNS or ANS) is nob considered significant relative to the
testis, except jnsofar as circulatay impairments are concerned,
in that massive shnts o vasomction may well result in genital
ischemia. The abdominal temperature, knain to affect severely
the germinal sequence of the cryptorchid testis but to respect
the androgenic ability at neutral temperature, does not result

in the expected damage in the cald-exposed subject; perhaps the
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central temperature is lowered encugh to prevent the spermatoge-
nic damage.

Neurchumeral events carry the mazimm impard; the sequence
would operats as follaws:
1. The hypothalamic sensars are alerted by the spino~-thalamic
input {rom the thermal recepters, the change in blood temperature,
the modifications in the osmotic composition of the blood; perhaps
a moderate yet significant comstriction of the hypophyseal partal

system also occurs. The net result is:

5. Pituitary depression, i.e. progressive furctional hypopitui-
tarism, where FSH and ICSH are momentarily reduced. Then, the
incipient spermatogenic depression initiates an FSH positive feed-
back response, resulting in a gradually amplified depression of
ICSH. At this poimt, the fate of the other tropins is a matter

of conjecture: STH may becare ineffective in sustaining conser-
vetive anabalism, TSH and ACTH, first-line emergency agenhe, may
well increase in an inverse propertion to the ICSH and STH decre=~

ment., The net result of ICSH depression being:

3. Interstitial cell depression, where the endocrine testis
approaches ihe eumchoid or quasi-castrate characteristics, This
biochemical injury is promptly detectable in the regression of the
sex indicaters; if the stress is prolonged, the anatomical damage
pecems eventually cbservable, The androgenic depression is in the
form of a deviation of steroidogenesis, by sloving or arrest of an-

dropenesis with accumiletion of the domimant precursa, cholesteral,
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or by switching to an alternate pathway, towards a cholesterol o
cholesterol-like termination.

i, The time-curve of androgenic depression follows & smooth decay
pattern between 2 ami 35 days of severe stress; additional studies
not reported hers, show below 2 days and above 35 days, typical
phases in accord with the establishment of a true GAS sequence of
events, The tims-curves also show a biphasic and two-fold responss,
endocrine and scmatic, representing the nature and the succession
of overts in the testicular degeneration; ths overall picture is
that of a functional castration, sscondary to hypopituitarism in-

3duced by a non-specific stress.

CROLLARY

More problems are posed than are answered and in our minds,

a muater of fluid questions remain on the nature of the gonadal
straes response and ocn the essential function of the testis.

Stress could well activate the endocrins »ta.rgeto and csuse
changes in the sensitivity threshold of peripheral tissues to
vuricue hormones, @.ge the apparent (unconfirmed) toxicity of
exogencus testosterons in the stressed animalj perhups +ae threshold
of the hypothalamic centers is also affected, elevated cr lowered.
Just what is the adrensl contribution to the total circulating sex
steroids under conditions of stress, where for a time at least, the

rtex is considered hyperactives is that contribution predominantly

.~ equally androgenio o estrogenio?
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Perhaps, stress accentuates the differential procezsing of
the gonadal hormeres by the liver in the male and in the female,
leading to alteratiocns in the normal Estrogens : Androgens ratio
and resulting in 1g4ered resistance in males. Perhaps a proxi-
mity effect obtains petween the testicular structures: Leydig
cells, germinal sequence and Sertoli cells; perhaps the FSH 2
ICSH balance is disturbed, resulting in antagonism or mtual
impingement on the feedback mechanisms. Perhaps the ICSH de=-
pession represents « breakdom of the homeothermal function cf
the hypothalamus by exhaustion, or derangement, or a ¥sparing"
f the true emergency mechanisms, thyroid and adrenal cortex and

+heir respzctive tropins, by a metabolic shunt.
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CCNCLUSIONS

1. Acute exposure to severe cold causes degeneration of the
testicular apparatus (marphclegical and physiclogical)s

a) depression of spermatogenesis (exocrine) associated with
cryptorchism;

b) reduction in the production of androgens (endocrine).
2. The degeneration caused by chronic exposure to moderate cald
is duplicated in mature and compressed in time, if cold is made
severe. This degeneration appears proportional to intensity and
duration of the cdld stress, but unrelated to age, at Jeast in
the sexually mture subject; the time-development of this damage

may be visualized as a progressive sequence of exccrine and endo-

crine changese
3, Ascarbic acid and Zinc, at presumed protective doses, failed

to counteract the cold-induced degeneration in the testicular

apparatus.

L. Adaptation to moderate cald, pric ’r;o exposure to severe cald,
seems to reduce the spermatogenic damage, but the level of andro-
genic depression appears directly propm'tioni\l to the characteris-
tics of the severe strecs, irrespective of prior adzaphation.

¢, Among the effects of cold, distinct areas become dservable,

211 of which summate in the testicular apparatus:

a) somatic, €.8. depression of body weight and eventual emaciation;

b) neural, €.8 reflex cryptorchism; |

=) endocrine, €.i- dspression of androgenic production.
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6, Cold par se shows no significant topical action on the eemal

accesscries; these organe rotain their indicater value relative

to the viter of circulating androgens and reflect directly the

sovel of tesbosterons therapy.

7. The mature .z ... androgenic disturbance may bs seén as &

olockage of androgen2sis o &s a; shift inksteroidogenssia;' no

shoice is made, since ths moderate, (and perhaps dsbatzble) eleva~

tion of testicular cholestercl favors boeth hypctheses,

3, Cryptcrchism and cold act in the same direction, but indepen-

dently and disjunctively; their effects do not seem to summats

sompletely in the cold~-exposed testis.

7. Adrenal androgens are anmasked in the cold-exposed castrate

-4 seem to act minimally but typically; ACTH renders the cagtrate

more resistant to cold, but lawers the survival of the intact animal,

30. ~ha weight depression of an endocrine organ, G.ge testis, is not

a . ..atle criterion of functional depression, as ths loss is in

"~y pape arder as the somatic depression simlated by diet:restric-

-4¢n; within a 1imited range of age, no carrelation seems to exist .

-.gen body weight and testis weight.

11, Tho weight dspression of s»ecmdary.endocrine IrFI3, Boge 86X
sesories and thyms, is a valid indicatar of Zuniti -al depres-

jon 3 the primary organ and represents the sum ¢t L af two com~

sontss
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a) somatic, related to metabdlic alterations engaging the
whale organism;

b) endocrine, consequent to changes in the functional level
of the primary organ and beyond the mgnitude of scmatic
changes,
12, Variance between absolute values rather than co-variance,
+4as evaluated for significant differences; the “state" of endo-
crine organs (primary, e.g. pituitary; jrtermediate, e.g. testis;

secondary, €.8e prosta.te) appears to be the resultant of a closed-

cireuit chemical homeostasis, upon which samtic factars exercise

b limited action.
13, An intuitive rather than graphic analysis confirms the bi- -
vhasic and two-fold effect of cold on the male genital apparatus.

! 1k, Cold per se acts on the testis:

a) by causing reflex cryptorchism and its long-term effects
on spermatogenesis;

b) by way of somatic conditicns resulting from metabolic
deficits and eventual emaciation;

c) by way of same neuro-humeral pathway (hypothalamico-
hypophyseal) resulting in a situation comparable to cas-

tration.

ST A A T T





